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PREFACE. 


The  present  volume  on  the  Anatomy  of  Invertebrated 
Animals  fulfills  an  undertaking  to  produce  a  treatise  on 
comparative  anatomy  for  students,  into  which  I  entered 
two-and-twenty  years  ago.  A  considerable  installment  of 
the  work,  relating  wholly  to  the  Invertebrata^  appeared  in 
the  Medical  Times  and  Gazette  for  the  years  1856  and 
1857,  under  the  title  of  "  Lectures  on  General  Natural 
History."  But  a  variety  of  circumstances  having  con- 
spired, about  that  time,  to  compel  me  to  direct  my  atten- 
tion more  particularly  to  the  Vertebratay  I  was  led  to  in- 
terrupt the  publication  of  the  "Lectures"  and  to  com- 
plete the  Vertebrate  half  of  the  proposed  work  first.  This 
appeared  in  1871,  as  a  "  Manual  of  the  Anatomy  of  Verte- 
brated  Animals." 

A  period  of  incapacity  for  any  serious  toil  prevented 
me  from  attempting,  before  1874,  to  grapple  with  the  im- 
mense mass  of  new  and  important  information  respecting 
the  structure,  and  especially  the  development,  of  Inverte- 
brated animals,  which  the  activity  of  a  host  of  investiga- 
tors has  accumulated  of  late  years. 

That  my  progress  has  been  slow  will  not  surprise  any 
one  who  is  acquainted  with  the  growth  of  the  literature 
of  animal  morphology,  or  with  the  expenditure  of  time 
involved  in  the  attempt  to  verify  for  one's  self  even  the 
cardinal  facts  of  that  science ;  but  I  have  endeavored,  in 
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the  last  chapter,  to  snpply  the  most  imf-.-*rtAnt  recent  ad- 
ditions to  onr  knowledge,  respecting  the  groups  treated  of 
in  those  which  have  long  been  printed- 

When  I  commenced  this  work,  it  was  mv  intention  to 
continue  the  plan  adopted  in  the  *•  Manual  of  the  Anatomy 
of  Vertebrated  Animals,"  of  giving  a  summary  account 
of  what  appeared  to  me  to  be  ascertained  morphological 
facts,  without  referring  to  my  sources  of  information.  I 
soon  found,  however,  that  it  would  be  inconvenient  to 
carry  out  this  scheme  consistently  ;  and  some  of  my  pages 
are,  I  am  afraid,  somewhat  burdened  with  notes  and  ref- 
erences. 

I  am  the  more  careful  to  mention  this  circumstance  as, 
had  it  been  my  purpose  to  give  any  adequate  Bibliography, 
the  conspicuous  absence  of  the  titles  of  many  important 
books  and  memoirs  might  appear  unaccountible  and  in- 
deed blameworthy. 

My  object,  in  writing  the  book,  has  been  to  make  it 
useful  to  those  who  wish  to  become  acquainted  with  the 
broad  outlines  of  what  is  at  present  known  of  the  morphol- 
ogy of  the  Invertebrata  ;  though  I  have  not  avoided  the 
incidental  mention  of  facts  connected  with  their  physiol- 
ogy and  their  distribution.  On  the  other  hand,  I  have  ab- 
stained from  discussing  questions  of  aetiology,  not  because 
I  underestimate  their  importance,  or  am  insensible  to  the 
interest  of  the  great  problem  of  Evolution  ;  but  because, 
to  my  mind,  the  growing  tendency  to  mix  up  setiological 
speculations  with  morphological  generalizations  will,  if 
unchecked,  throw  Biology  into  confusion. 

For  the  student,  that  which  is  essential  is  a  knowledge 
of  the  facts  of  morphology ;  and  he  should  recollect  that 
generalizations  are  empty  formulas,  unless  there  is  some- 
thing in  his  personal  experience  which  gives  reality  and 
substance  to  the  terms  of  the  propositions  in  which  these 
generalizations  are  expressed. 
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The  dissection  of  a  single  representative  of  each  of  the 
principal  divisions  of  the  Invertebrata  will  give  the  student 
a  more  real  acquaintance  with  their  comparative  anatomy 
than  any  amount  of  reading  of  this,  or  any  other  book. 
And  I  have  endeavored  to  facilitate  practical  study  by 
supplying  a  somewhat  full  description  of  individual  forms, 
in  the  case  of  the  more  complicated  types. 

That  the  power  of  repeating  a  "  Classification  of  Ani- 
mals," with  all  the  appropriate  definitions,  has  anything 
to  do  with  genuine  knowledge  is  one  of  the  commonest 
and  most  mischievous  delusions  of  both  students  and  their 
examiners. 

The  real  business  of  the  learner  is  to  gain  a  true  and 
vivid  conception  of  the  characteristics  of  what  may  be 
termed  the  natural  orders  of  animals.  The  mode  of  ar- 
rangement, or  classification,  of  these  into  larger  groups  is 
a  matter  of  altogether  secondary  importance.  As  such,  I 
have  relegated  this  subject  to  a  subordinate  place  in  the 
last  chapter ;  and  I  have  thought  it  unnecessary,  either  to 
discuss  the  systems  proposed  by  others,  or  to  give  reasons 
for  passing  over,  in  silence,  my  own  former  attempts  in 
this  direction. 

Of  the  manifold  imperfections  in  the  execution  of  the 
task  which  I  have  set  myself,  few  will  be  more  sensible 
than  I  am ;  but  I  trust  that  the  book,  such  as  it  is,  may 
be  of  use  to  the  beginner. 

Those  who  desire  to  pursue  the  study  of  the  Inverte- 
hrata  further  will  do  well  to  consult  the  excellent  treatises 
of  Von  Siebold,*  Gegenbaur,'  and  Glaus ; '  and  the  elabo- 

»  "  Lehrbuch  der  vergleichendcn  Anatomie  dor  wirbellosen  Thiere,"  1848. 
One  of  the  boBt  books  on  the  sabject  over  written,  and  stUl  indispensable. 

•  "  Grundztige  dor  vergleichendcn  Anatomie,"  1870 ;  and  "  Grundriss  der 
▼CTgleichenden  Anatomie,"  1874. 

•  *•*•  Gnmdzikge  der  ZoOlogie."    Site  Auflago,  187G. 
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THE  ANATOMY 

OF 

INVERTEBRATED   ANIMALS 


INTRODUCTION. 

I. — ^THJB  GBXSRAL  PBIKCIPLES   OF  BIOLOGY. 

Thb  biological  sciences  are  those  which  deal  with  the 
phenomena  manifested  by  living  matter;  and  though  it  is 
customary  and  convenient  to  group  apart  such  of  these  phe- 
nomena as  are  termed  mental,  and  such  of  them  as  are  ex* 
hibited  by  men  in  society,  under  the  heads  of  Psychology 
and  Sociology,  yet  it  must  be  allowed  that  no  natural  boun- 
dary separates  the  subject-matter  of  the  latter  sciences  from 
that  of  Biology.  Psychology  is  inseparably  linked  with 
Physiology ;  and  the  phases  of  social  life  exhibited  by  ani- 
mals other  than  man,  which  sometimes  curiously  foreshadow 
human  policy,  fall  strictly  within  the  province  of  the  biolo- 
gist. 

On  the  other  hand,  the  biological  sciences  are  sharply 
marked  off  from  the  abiological,  or  those  which  treat  of  the 
phenomena  manifested  by  not-living  matter,  in  so  far  as  the 
properties  of  living  matter  distinguish  it  absolutely  from  all 
other  kinds  of  things,  and  as  the  present  state  of  knowledge 
furnishes  us  with  no  link  between  the  living  and  the  not- 
living. 
-  These  distinctive  properties  of  living  matter  are — 

1.  Its  chemical  composition — containing,  as  it  invariably 
does,  one  or  more  forms  of  a  complex  compound  of  carbon, 
hydrogen,  oxygen,  and  nitrogen,  the  so-called  protein  (which 
has  never  yet  been  obtained  except  as  a  product  of  living 
bodies)  united  with  a  large  proportion  of  water,  and  forming 
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the  chief  constituent  of  a  substance  which,  in  its  primary  un- 
modified state,  is  known  as  protoplasm, 

2.  Its  universal  disifitegration  and  waste  by  oxidation; 
and  its  concomitant  reintegration  by  the  intussusception  of 
new  matter, 

A  process  of  waste  resulting  from  the  decomposition  of 
the  molecules  of  the  protoplasm,  in  virtue  of  which  thej 
break  up  into  more  hignlj-oxidated  products,  which  cease  to 
form  any  part  of  the  living  body,  is  a  constant  concomitant 
of  life.  There  is  reason  to  believe  that  carbonic  acid  is  al- 
ways one  of  these  waste  products,  while  the  others  contain 
the  remainder  of  the  carbon,  the  nitrogen,  the  hydrogen,  and 
the  other  elements  which  may  enter  into  the  composition  of 
the  protoplasm. 

The  new  matter  taken  in  to  make  good  this  constant  loss 
b  either  a  ready-formed  protoplasmic  material,  supplied  by 
some  other  living  being,  or  it  consists  of  the  elements  of 
protoplasm,  united  together  in  simpler  combinations,  which 
consequently  have  to  be  built  up  into  protoplasm  by  the 
agency  of  the  living  matter  itself.  In  either  case,  the  addi- 
tion of  molecules  to  those  which  already  existed  takes  place, 
not  at  the  surface  of  the  living  mass,  but  by  interposition 
between  the  existing  molecules  of  the  latter.  If  the  processes 
of  disintegration  and  of  reconstruction  which  characterize 
life  balance  one  another,  the  size  of  the  mass  of  living  matter 
remains  stationary,  while,  if  the  reconstructive  process  is  the 
more  rapid,  the  living  bodv  grows.  But  the  increase  of  size 
which  constitutes  growth  is  the  result  of  a  process  of  molec- 
ular intussusception,  and  therefore  differs  altogether  from  the 
process  of  growth  by  accretion,  which  may  be  observed  in 
crystals  and  is  effected  purely  by  the  external  addition  of 
new  matter — so  that,  in  the  well-known  aphorism  of  linnseus,* 
the  word  "grow,"  as  applied  to  stones,  signifies  a  totally  dif- 
ferent process  from  what  is  called  "growth"  in  plants  and 
animals. 

3.  Its  tendency  to  undergo  cyclical  changes. 

In  the  ordinary  course  of  Nature,  all  living  matter  proceeds 
from  pre(5xisting  living  matter,  a  portion  of  the  latter  being 
detached  and  acquiring  an  independent  existence.  The  new 
form  takes  on  the  characters  of  that  from  which  it  arose  ;  ex- 
hibits the  same  power  of  propagating  itself  by  means  of  an 
offshoot ;  and,  sooner  or  later,  like  its  predecessor,  ceases  to 

>  "  Lapidet  oroBcunt:  vegetchiUa  orosciiDt  et  viyunt:  animaUa  oreflocmt,  vi- 
Tiint  ot  Bontiunt.'* 
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live,  and  is  resolved  into  more  highly-oxidated  compounds  of 
its  elements. 

Thus  an  individual  living  body  is  not  only  constantly 
changing  its  substance,  but  its  size  and  form  are  undergoing 
continual  modifications,  the  end  of  which  is  the  death  and 
decay  of  that  individual ;  the  continuation  of  the  kind  being 
secured  by  the  detachment  of  portions  which  tend  to  run 
through  the  same  cycle  of  forms  as  the  parent.  No  forms  of 
matter  which  are  either  not  living,  or  have  not  been  derived 
from  living  matter,  exhibit  these  three  properties,  nor  any 
approach  to  the  remarkable  phenomena  defined  under  the  sec- 
ond and  third  heads.  But,  in  addition  to  these  distinctive 
characters,  living  matter  has  some  other  peculiarities,  the 
chief  of  which  are  the  dependence  of  all  its  activities  upon 
moisture  and  upon  heat,  within  a  limited  range  of  tempera- 
ture, together  with  the  fact  that  it  usually  possesses  a  certain 
structure,  or  organization. 

As  has  been  said,  a  large  proportion  of  water  enters  into 
the  composition  of  all  living  matter ;  a  certain  amount  of  dry- 
ing arrests  vital  activity,  and  the  complete  abstraction  of  this 
water  is  absolutely  incompatible  with  either  actual  or  poten- 
tial life.  But  many  of  the  simpler  forms  of  life  may  undergo 
desiccation  to  such  an  extent  as  to  arrest  their  vital  manifes- 
tations and  convert  them  into  the  semblance  of  not-living 
matter,  and  yet  remain  potentially  alive ;  that  is  to  say,  on 
being  duly  moistened  they  return  to  life  again.  And  this 
revivification .  may  take  place  after  months,  or  even  years,  of 
arrested  life. 

The  properties  of  living  matter  are  intimately  related  to 
temperature.  Not  only  does  exposure  to  heat  sufficient  to 
decompose  protein  matter  destroy  life,  by  demolishing  the 
molecular  structure  upon  which  life  depends  ;  but  all  vital 
activity,  all  phenomena  of  nutritive  growth,  movement,  and 
reproduction,  are  possible  only  between  certain  limits  of  tem- 
perature. As  the  temperature  approaches  these  limits  the 
manifestations  of  life  vanish,  though  they  may  be  recovered 
by  return  to  the  normal  conditions  ;  but,  if  it  pass  far  beyond 
these  limits,  death  takes  place. 

This  much  is  clear ;  but  it  is  not  easy  to  say  exactly  what 
the  limits  of  temperature  are,  as  they  appear  to  vary  in  part 
with  the  kind  of  living  matter,  and  in  part  with  the  con- 
ditions of  moisture  which  obtain  along  with  the  temperature. 
The  conditions  of  life  are  so  complex  in  the  higher  organisms, 
that  the  experimental  investigation  of  this  question  can  be 
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BMiUfmnUmly  stUriDfyte'l  only  in  the  lovesl  mttd  niplest 
f'/nfjD,  ft  dpfi«an  that,  in  the  dry  stmte,  tbese  are  able  to 
^K'ar  £»r  f^n^U:r  ^^xtremc'S  both  of  beat  and  cold  tkan  in  the 
utfAni  (towiiiifju.  Thus  Pasteur  fouod  that  tbe  spores  of  fin^i, 
wh'rri  diy,  cfjuld  \m:  exposed  without  destractioo  to  a  tem- 
|Mrf*tiifr5  of  120 -I3i5'  a  (^48-257"  Fahr.),  while  the  same 
sj^'/f*?*,  when  nviist,  were  all  killed  by  exposnre  to  100*  C 
UVl'  Fahr).  On  the  other  hand,  Cagniard  de  la  Toor  ibond 
that  dry  yeast  mi^t  \>c  exposed  to  the  extreme^  k>w  teiu- 
Ift'.rnUin:  of  mfVul  r^ar^x^nic  acid  (—60** Cor  —76^  Fahr.)  with- 
tmi  hi'AUti;  kill'^L  In  the  moist  state  he  found  that  it  might 
\ptt  in^/'M  mA  attfUtd  Ui  -b"  C.  (23**  Fahr.),  but  that  it  was 
kllU'A  by  lower  t^^mperatures.  However,  it  is  very  desirable 
that  these  ex|>eriments  should  be  repeated,  for  Cohn^s  auvfbl 
olM<;rvations  on  BncUrUji  show  that,  though  they  fiJl  into  a 
stat*5  of  Uirpidiiy,  anrl,  like  yeast,  lose  all  their  powers  of  ex- 
eilin^  f<jrrriciitatiori  at,  or  near,  the  freezing-point  of  water, 
th«y  HHJ  not  killed  by  exposure  for  five  hours  to  a  tempera- 
ture belrjw  —10'  C.  (14°  Fahr.),  and,  for  some  time,  sinking 
to  - 1  H'M ).  ( -0".4  Fahr. ).  Specimens  of  Spirillum  vcluUuUj 
whi<!h  had  b(5f?ii  CfK)led  to  this  extent,  began  to  move  about 
sritrMs  little  time  after  the  ice  containing  them  thawed.  But 
(Jolifi  retnarkM  that  Knglenm^  which  were  frozen  along  with 
tliein,  wen^  all  killed  and  disorganized,  and  that  the  same  £sto 
IiimI  ))efall(ui  the  higher  Infusoria  and  Hotifera^  with  the  ex- 
ception of  some  oiu;ysted  VorticelkBy  in  which  the  rhythmical 
movements  of  the  contractile  vesicle  showed  that  life  was 
pnmervocl. 

TlniH  it  would  nppcar  that  the  resistance  of  living  matter 
to  (!ol(l  depends  greatly  on  the  special  form  of  that  matter, 
and  that  the  limit  of  the  Euglenay  simple  organism  as  it  is,  is 
mutili  higher  than  that  of  the  Bacterium, 

ConHid(*rationH  of  this  kind  throw  some  light  upon  the 
apparently  anomalous  conditions  under  which  many  of  the 
lowi^r  plants,  such  as  Protococcva  and  the  DiatomaceoBy  and 
sonit*  of  the  lower  animals,  such  as  the  Radiolaria^  are  ob- 
Sf^rviMl  to  flourish.  Protococciis  has  been  found  not  only  on 
the  snows  of  great  heights  in  temperate  latitudes,  but  cover- 
ing oxttMisive  areas  of  ice  and  snow  in  the  Arctic  regions, 
wlu^re  it  nuist  bo  exposed  to  extremely  low  temperatures — 
in  the  latter  case  for  many  months  together  ;  while  the  Arctic 
and  Antarctic  seas  swarm  with  Diatomacem  and  Hadiolaria. 
It  is  on  the  Diatomaceofy  as  Hooker  has  well  shown,  that  all 
surfuoo-lifo  in  these  regions  ultimately  depends;  and  their  enor- 
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moua  multitudes  prove  that  their  rate  of  multiplication  is  ade- 
quate to  meet  the  demands  made  upon  them,  and  is  not  seri- 
ously impeded  by  the  low  temperature  of  the  waters,  never 
much  above  the  freezing-point,  in  which  they  habitually  live. 

The  maximum  limit  of  heat  which  living  matter  can  resist 
is  no  less  variable  than  its  minimum  limit.  Kuhne  found 
that  marine  AmoebcB  were  killed  when  the  temperature 
reached  35°  C.  (95°  Fahr.),  while  this  was  not  the  case  with 
fresh-water  AmoebcBy  whicn  survived  a  heat  of  5°,  or  even  10% 
C.  higher.  Actinophrys  JEichhomii  was  not  kUled  until  the 
temperature  rose  to  44°  or  45°  C.  Didytnium  serptUa  is  killed 
at  35°  C.  ;  while  another  Myxomycetey  ^thcUium  septicum^ 
succumbs  only  at  40°  C. 

Gohn  (''  untersuchungen  Uber  Bacterien,"  Beitrdge  zur 
JBiohgie  aerPflamen^  Heft  2, 1872)  has  given  the  results  of 
a  series  of  experiments  conducted  with  the  view  of  ascertain- 
ing the  temperature  at  which  Bacteria  are  destroyed  when 
living  in  a  fluid  of  definite  chemical  composition,  and  free 
from  all  such  complications  as  must  arise  from  the  inequalities 
of  physical  condition  when  solid  particles  other  than  the  JSoc- 
teria  coexist  with  them.  The  fluid  employed  contained  0.1 
gramme  potassium  phosphate,  0.1  gr.  crystallized  magnesium 
sulphate,  0.1  gr.  tribasic  calcium  phosphate,  and  0.2. gr.  am- 
monium tartrate,  dissolved  in  20  cubic  centimetres  of  distilled 
water.  If  to  a  certain  quantity  of  this  '^  normal  fluid  "  a  small 
proportion  of  water  containing  Bacteria  was  added,  the  mul^ 
tiplication  of  the  Bacteria  went  on  with  rapidity,  whether  the 
mouth  of  the  containing  flask  was  open  or  liermetically  closed. 
Hermetically-sealed  flasks,  containing  portions  of  the  normal 
fluid  infected  with  Bacteria^  were  submerged  in  water  heated 
to  various  temperatures,  the  flask  being  carefully  shaken,  with- 
out being  raised  out  of  the  water,  during  its  submergence. 

The  result  was,  that  in  those  flasks  which  were  thus  sub- 
jected, for  an  hour,  to  a  heat  of  60°-62°  C.  (140°-143°  Fahr.), 
the  Bacteria  underwent  no  development,  and  the  fluid  re- 
mained perfectly  clear.  On  the  other  hand,  in  similar  experi- 
ments in  which  the  flasks  were  heated  only  to  40°  or  50°  C. 
(104**-122°  Fahr.),  the  fluid  became  turbid,  in  consequence  of 
the  multiplication  of  the  Bacteria^  in  the  course  of  from  two 
to  three  days. 

I  am  in  the  habit  of  demonstrating  annually,  that  Pasteur's 
solution  and  hay-infusion,  after  five  minutes'  boilin,^  in  a  flask 

Eroperly  stopped  with  cotton-wool,  remain  perfectly  clear  of 
ving  organisms,  however  long  they  may  be  kept.     The  same 
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holds  good  for  a  solution  analogous  to  Cohn's,  but  in  which 
all  the  saline  ingredients  are  ammonia  salts ;  *  and  in  which 
JBacteria  flourish  luxuriantly.  Prof.  TyndalPs  large  series 
of  ex[>eriments  give  the  same  results  for  fluids  of  the  most 
diverse  composition.  The  cases  of  milk  and  some  other  fluids 
in  which  Bacteria  are  said  to  appear,  after  they  have  been 
heated  above  the  boiling-point,  require  renewed  investigation. 

Both  in  Kuhne's  and  in  Cohn's  experiments,  which  last  have 
lately  been  confirmed  and  extended  by  Dr.  Roberts,  of  Man- 
chester, it  was  noted  that  long  exposure  to  a  lower  temper- 
ature than  that  which  brings  about  immediate  destruction  of 
life  produces  the  same  efi*ect  as  short  exposure  to  the  latter 
temperature.  Thus,  though  all  the  Bacteria  were  killed,  with 
certainty,  in  the  normal  fluid,  by  short  exposure  to  temper- 
atures at  or  above  60®  C.  (140°  Fahr.),  Cohn  observed  that, 
when  a  flask  containing  infected  normal  fluid  was  heated  to 
50*^-52°  C.  (122°-125*^  Fahr.)  for  only  an  hour,  the  conse- 
quent multiplication  of  the  Bacteria  was  manifested  much 
earlier  than  in  one  which  had  been  exposed  for  two  hours  to 
the  same  temperature. 

It  appears  to  be  very  generally  held  that  the  simpler  vege- 
table organisms  are  deprived  of  life  at  temperatures  as  high 
as  60**  C.  (140°  Fahr.)  ;  but  it  is  affirmed  by  competent  ob- 
servers that  Algoe  have  been  found  living  in  hot  springs  at 
much  higher  temperatures,  namely,  from  168°  to  208°  Fahr., 
for  which  latter  surprising  fact  we  have  the  high  authority  of 
Descloiseaux.  It  is  no  explanation  of  these  phenomena,  but 
onlv  another  mode  of  stating  them,  to  say  that  these  organ- 
ism's have  become  "  accustomed  "  to  such  temperatures.  If 
this  degree  of  heat  were  absolutely  incompatible  with  the 
activity  of  living  matter,  the  plants  could  no  moie  resist  it 
than  they  could  become  *'  accustomed  "  to  be  being  made  red- 
hot.  Habit  may  modify  subsidiary,  but  cannot  affect  funda- 
mental, conditions. 

Recent  investigations  point  to  the  conclusion  that  the  im- 
mediate cause  of  the  arrest  of  vitality,  in  the  first  place,  and 
of  its  destruction,  in  the  second,  is  the  coagulation  of  certain 
substances  in  the  protoplasm,  and  that  the  latter  contains 
various  coagulable  matters,  which  solidify  at  different  temper- 
atures. And  it  remains  to  be  seen  how  far  the  death  of  any 
form  of  living  matter,  at  a  given  temperature,  depends  on  the 

>  These  were  as  pure  as  I  oonld  obtun  them.    It  is  possible  the  fluid  maj 
have  contained  an  infinitesimal  proportion  of  fixed  mineral  matter. 
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destruction  of  its  fundamental  substance  at  that  heat,  and 
how  far  death  is  brought  about  by  the  coagulation  of  merely 
accessory  compounds. 

It  may  be  safely  said  of  all  those  living  things  which  are 
large  enough  to  enable  us  to  trust  the  evidence  of  micro- 
scopes,* that  they  are  heterogeneous  optically,  and  that  their 
different  parts,  and  especially  the  surface  layer,  as  contrasted 
with  the  interior,  differ  physically  and  chemically ;  while,  in 
most  living  things,  mere  heterogeneity  is  exchanged  for  a 
definite  structure,  whereby  the  body  is  distinguished  into 
visibly  diverse  parts,  which  possess  different  powers  or  func- 
tions. Living  things  which  present  this  visible  structure  are 
said  to  be  organized;  and  so  widely  does  organization  obtain 
among  living  beings,  that  organized  and  living  are  not  unfre-  • 
quently  used  as  if  they  were  terms  of  coextensive  applicabil- 
ity. This,  however,  is  not  exactly  accurate,  if  it  be  thereby 
implied  that  all  living  things  have  a  visible  organization,  as 
there  are  numerous  forms  of  living  matter  of  which  it  cannot 
properly  be  said  that  they  possess  either  a  definite  visible 
structure  or  permanently  specialized  organs  :  thoiigh  doubt- 
less the  simplest  particle  of  living  matter  must  p>ossess  a 
highly-complex  molecular  structure,  which  is  far  beyond  the 
reach  of  vision. 

The  broad  distinctions  which,  as  a  matter  of  fact,  exist 
between  every  known  form  of  living  substance  and  every  other 
component  of  the  material  world,  justify  the  separation  of 
the  biological  sciences  from  all  others.  But  it  must  not  be 
supposed  that  the  differences  between  living  and  not-living 
matter  are  such  as  to  bear  out  the  assumption  that  the  forces 
at  work  in  the  one  are  different  from  those  which  are  to  be 
met  with  in  the  other.  Considered  apart  from  the  phenomena 
of  consciousness,  the  phenomena  of  life  are  all  dependent 
upon  the  working  of  the  same  physical  and  chemical  forces 
as  those  which  are  active  in  the  rest  of  the  world.  It  may 
be  convenient  to  use  the  terms  "  vitality  "  and  "  vital  force  "  to 
denote  the  causes  of  certain  great  groups  of  natural  opera- 

>  In  oonsidoring  the  question  of  the  complication  of  molecular  structure 
which  even  the  smallest  and  simplest  of  living  beinj;^  may  possess,  it  is  well 
to  recollect  that  an  oi^anic  particle  nhm  of  an  inch  in  diameter,  in  which  our 
best  microBOopes  may  oe  incompetent  to  reveal  the  slightest  differentiation  of 
parte,  may  be  made  up  of  1,000,000  particles  mhnti  of  an  inch  in  diameter, 
while  the  molecules  of  matter  are  probably  much  less  than  Twiow  of  an  inch  in 
diameter.  Hence  in  such  a  body  there  is  ample  scope  for  any  amount  of  com- 
plexity of  molecular  structure. 
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tkmB,  ai  we  employ  the  miiDes  of  ^  eleclncii  j  ^  and  "  electrical 
force  **  to  denote  others  ;  but  it  ceases  to  be  proper  to  do  so,  if 
such  a  name  implies  the  absurd  assumption  that  ^ther  ^  elec- 
tricitj  ^  or  ^  vitality  **  is  an  entity  playing  the  part  of  an  effi- 
cient cause  of  electrical  or  vital  phenomena.  A  mass  of  living 
protoplasm  is  simply  a  molecular  machine  of  ^reat  complexity, 
the  total  results  of  the  working  of  which,  or  its  vital  phenom- 
ena, depend,  on  the  one  hand,  upon  its  construction,  and,  on 
the  other,  upon  the  energy  supplied  to  it ;  and  to  speak  of 
^^  vitality  "  as  anything  but  the  name  of  a  series  of  operations 
is  as  if  one  should  talk  of  the  ^'  horologity  '^  of  a  dock. 

Living  matter,  or  protoplasm  and  the  products  of  its  meta- 
morphosis, may  be  regarded  under  four  aspects  : 

(1.)  It  has  a  certam  external  and  internal  form,  the  latter 
being  more  usually  called  structure ; 

i2,)  It  occupies  a  certain  position  in  space  and  in  time  ; 
3.)  It  is  the  subject  of  the  operation  of  certain  forces,  in 
virtue  of  which  it  undergoes  internal  changes,  modifies  exter- 
nal objects,  and  is  modified  by  them ;  and — 

(4.)  Its  form,  place,  and  powers,  are  the  effects  of  certain 
causes. 

In  correspondence  with  these  four  aspects  of  its  subject. 
Biology  is  divisible  into  four  chief  subdivisions — I.  Mobphol- 
ooy;  II,  Distribution;  III.  Physiology;  IV.  JEtiology. 


I.  Morphology. 

So  far  as  living  beings  have  a  form  and  structure,  they 
fall  within  the  province  of  Anatomy  and  Histology^  the  latter 
being  merely  a  name  for  that  ultimate  optical  analysis  of 
living  structure  which  can  bo  carried  out  only  by  the  aid  of 
the  microscope. 

And,  in  so  far  as  the  form  and  structure  of  any  living 
being  are  not  constant  during  the  whole  of  its  existence,  but 
undergo  a  series  of  changes  from  the  commencement  of  that 
existence  to  its  end,  living  beings  have  a  Development,  The 
history  of  development  is  an  accuont  of  the  anatomy  of  a  liv- 
ing being  at  the  successive  periods  of  its  existence,  and  of  the 
manner  in  which  one  anatomical  stage  passes  into  the  next. 

Finally,  the  systematic  statement  and  generalization  of 
the  facts  of  Morpnology,  in  such  a  manner  as  to  arrange  liv- 
ing beings  in  groups,  according  to  their  degrees  of  likeness, 
is  Taxonomy. 
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The  study  of  Anatomy  and  Development  has  brought  to 
light  certain  generalizations  of  wide  applicability  and  great 
importance. 

1.  It  has  been  said  that  the  great  majority  of  living  beings 
present  a  very  definite  structure.  Unassisted  vision  and  or- 
dinary dissection  suffice  to  separate  the  body  of  any  of  the 
higher  animals,  or  plants,  into  fabrics  of  different  sorts,  which 
always  present  the  same  general  arrangement  in  the  same 
organism,  but  are  combined  in  different  ways  in  different 
organisms.  The  discrimination  of  these  comparatively  few 
fabrics,  or  tissues^  of  which  organisms  are  composed,  was  the 
first  step  toward  that  ultimate  analysis  of  visible  structure 
which  has  become  possible  only  by  the  recent  perfection  of 
micrc^copes  and  of  methods  of  preparation. 

Histology,  which  embodies  the  results  of  this  analysis, 
shows  that  every  tissue  of  a  plant  is  composed  of  more  or  less 
modified  structural  elements,  each  of  which  is  termed  a  cell; 
which  cell,  in  its  simplest  condition,  is  merely  a  spheroidal 
mass  of  protoplasm,  surrounded  by  a  coat  or  sac — the  cell- 
loaU — which  contains  cellulose.  In  the  various  tissues,  these 
cells  may  undergo  innumerable  modifications  of  form — the 
protoplasm  may  become  differentiated  into  a  nucleus  with  its 
nucleolus,  a  primordial  utricle,  and  a  cavity  filled  with  a  wa- 
tery fluid,  and  the  cell-wall  may  be  variously  altered  in  com- 
position or  in  structure,  or  may  coalesce  with  others.  But, 
however  extensive  these  changes  may  be,  the  fact  that  the 
tissues  are  made  up'  of  morphologically  distinct  units — the 
cells — remains  patent.  And,  if  any  doubt  could  exist  on  the 
subject,  it  would  be  removed  by  the  study  of  development, 
which  proves  that  every  plant  commences  its  existence  as  a 
simple  cell,  identical  in  its  fundamental  characters  with  the  less 
modified  of  those  cells  of  which  the  whole  body  is  composed. 

But  it  is  not  necessary  to  the  morphological  unit  of  the 
plant  that  it  should  be  always  provided  with  a  cell-wall.  Cer- 
tain plants,  such  as  ProtococcuSy  spend  longer  or  shorter  peri- 
ods of  their  existence  in  the  condition  of  a  mere  spheroid  of 
protoplasm,  devoid  of  any  cellulose  wall,  while,  at  other  times, 
the  protoplasmic  body  becomes  inclosed  within  a  cell-wall,  fab- 
ricated by  its  superficial  layer. 

Therefore,  just  as  the  nucleus,  the  primordial  utricle,  and 
the  central  fluid,  are  no  essential  constituents  of  the  morpho- 
logical unit  of  the  plant-,  but  represent  results  of  its  meta- 
morphosis, so  the  cell-wall  is  equally  unessential ;  and  either 
the  term  ''  cell "  must  acquire  a  merely  technical  significance 
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as  the  equivalent  of  morphological  unit,  or  some  new  term 
must  be  invented  to  describe  the  latter.  On  the  whole,  it  is 
probably  least  inconvenient  to  modify  the  sense  of  the  word 
"cell." 

The  histological  analysis  of  animal  tissues  has  led  to  sim- 
ilar results,  and  to  difficulties  of  terminology  of  precisely  the 
same  character.  In  the  higher  animals,  however,  the  modifi- 
cations which  the  cells  undergo  are  so  extensive  that  the  fact 
that  the  tissues  are,  as  in  plants,  resolvable  into  an  aggrega- 
tion of  morphological  units,  could  never  have  been  established 
without  the  aid  of  the  study  of  development,  which  proves 
that  the  animal,  no  less  than  the  plant,  commences  its  exist- 
ence as  a  simple  cell,  fundamentally  identical  with  the  less 
modified  cells  which  are  found  in  the  tissues  of  the  adult. 

Though  the  nucleus  is  very  constant  among  animal  ceUs, 
it  is  not  universally  present ;  and,  among  the  lowest  forms  of 
animal  life,  the  protoplasmic  mass  which  represents  the  mor- 
phological unit  may  be,  as  in  the  lowest  plants,  devoid  of  a 
nucleus.  In  the  animal  the  cell- wall  never  has  the  character 
of  a  shut  sac  containing  cellulose  ;  and  it  is  not  a  little  diffi- 
cult, in  many  cases,  to  say  how  much  of  the  so-called  "  cell- 
wall  "  of  the  animal  cell  answers  to  the  "  primordial  utricle  '^ 
and  how  much  to  the  proper  "  callulose  cell-wall  "  of  the  vege- 
table cell.  But  it  is  certain  that  in  the  animal,  as  in  the 
plant,  neither  cell-wall  nor  nucleus  is  an  essential  constituent 
of  the  cell,  inasmuch  as  bodies  which  are  unquestionably  the 
equivalents  of  calls — true  morphological  units — ^may  be  mere 
masses  of  protoplasm,  devoid  alike  of  cell-wall  and  nucleus. 

For  the  whole  living  world,  then,  it  results  :  that  the  moi^ 
phological  unit — the  primary  and  fundamental  form  of  life — 
IS  merely  an  individual  mass  of  protoplasm,  in  which  no  fur- 
ther structure  is  discernible  ;  that  independent  living  forms 
may  present  but  little  advance  on  this  structure ;  and  that  all 
the  higher  forms  of  life  are  aggregates  of  such  morphological 
units  or  cells  variously  modified. 

Moreover,  all  that  is  at  present  known  tends  to  the  conclu- 
sion that,  in  the  complex  aggregates  of  such  units  of  which 
all  the  higher  animals  and  plants  consist,  no  cell  has  arisen 
otherwise  than  by  becoming  separated  from  the  protoplasm 
of  a  preexisting  cell ;  whence  the  aphorism,  "  Omnia  ceUula  e 

It  may  further  be  added,  as  a  general  truth  applicable  to 
nucleated  cells,  that  the  nucleus  rarely  undergoes  any  consid- 
erable modification,  the  structures  characteristic  of  the  tis- 
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sues  being  formed  at  the  expense  of  the  more  superficial  pro- 
toplasm of  the  cells ;  and  that,  when  nucleated  cells  divide, 
the  division  of  the  nucleus,  as  a  rule,  precedes  that  of  the 
whole  cell. 

2.  In  the  course  of  its  development  every  cell  proceeds, 
from  a  condition  in  which  it  closely  resembles  every  other 
cell,  through  a  series  of  stages  of  gradually-inoreasing  diver- 
gence, until  it  reaches  that  condition  in  which  it  presents  the 
characteristic  features  of  the  elements  of  a  special  tissue. 
The  development  of  the  cell  is,  therefore,  a  gradual  progress 
from  the  general  to  the  special  state. 

The  like  holds  good  of  the  development  of  the  body  as  a 
whole.  However  complicated  one  of  the  higher  animals  or 
plants  may  be,  it  begins  its  separate  existence  under  the 
form  of  a  nucleated  cell.  This,  by  division,  becomes  con- 
verted into  an  aggregate  of  nucleated  cells — the  parts  of  this 
aggregate,  following  different  laws  of  growth  and  multiplica- 
tion, give  rise  to  the  rudiments  of  the  organs  ;  and  the  parts 
of  these  rudiments  again  take  on  those  modes  of  growth,  mul- 
tiplication, and  metamorphosis,  which  are  needful  to  convert 
the  rudiment  into  the  perfect  structure. 

The  development  of  the  organism  as  a  whole,  therefore, 
repeats  in  principle  the  development  of  the  cell.  It  is  a  prog- 
ress from  a  general  to  a  special  form,  resulting  from  the  grad- 
ual differentiation  of  the  primitively  similar  morphological 
units  of  which  the  body  is  composed. 

Moreover,  when  the  stages  of  development  of  two  animals 
are  compared,  the  number  of  these  stages  which  are  similar 
to  one  another  is,  as  a  general  rule,  proportional  to  the  close- 
ness of  the  resemblance  of  the  adult  forms  ;  whence  it  fol- 
lows that  the  more  closely  any  two  animals  are  allied  in  adult 
structure,  the  later  are  their  embryonic  conditions  distinguish- 
able. And  this  general  rule  holds  for  plants  no  less  than  for 
animals. 

The  broad  principle,  that  the  form  in  which  the  more  com- 
plex living  things  commence  their  development  is  always  the 
same,  was  first  expressed  by  Harvey  in  his  famous  aphorism, 
"  Omne  vitmm  ex  ovOy^  which  was  intended  simply  as  a  mor- 
phological generalization,  and  in  no  wise  implied  the  rejection 
of  spontaneous  generation,  as  it  is  commonly  supposed  to  do. 
Moreover,  Harvey's  study  of  the  development  of  the  chick  led 
him  to  promulgate  that  theory  of  "  epigenesis,"  in  which  the 
doctrine  that  development  is  a  progress  from  the  general  to 
the  special  is  implicitly  containeid. 
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Caspar  F.  WoilF  6imisih<d  foztiier^  and  iniieed  concfaisiTe 
|>roof  <k  the  tmch  of  die  tiieorj  of  epigeneais  ;  bizt,  milbtrtii- 
nmxeijj  the  ausboritr  of  Holler  and  the  apecolatioiis  of  Bonnet 
led  flcienice  aitfraj.  sind  it  was  reser¥ed  for  Von  Baer  to  pot  the 
nature  of  the  pcoceaa  of  deveJopment  in  its  trae  light,  and  to 
f ormoiate  it  in  his  famous  iaw. 

X  DeTdopment*  thoiy  is  a  process  of  difcieiiiiation  by 
whieh  the  primitiYeJj  similar  parts  of  the  firing  body  beoome 
nore  and  more  vnfike  one  aac^her. 

This  process  of  difetcutiatiott  maj  be  effected  in  seTeral 


(L)  The  protoplasm  of  the  germ  maj  not  undergo  divi- 
sion and  eonreraioa  into  a  ceU  aggregate ;  hot  various  parts 
of  its  outer  and  inner  sobstance  maj  be  metamorphosed  di- 
reetlr  into  those  phjsicaDj  and  chemicaDy  difinent  materials 
whi<»  ooDStitate  the  body  of  the  adoh.  This  occurs  in  such 
animals  as  the  Jn/tucriOy  and  in  soch  plants  as  the  unicellnlar 
Afym  and  Fungi, 

(2.)  The  germ  may  undergo  division,  and  be  c<mTerted 
into  an  aggregate  of  diruicn  mas^es^  or  bkuiomereSy  vrhich 
become  cellfl,  and  give  rise  to  the  tissues  by  unde^oing  a 
metamorphosis  of  the  same  kind  as  that  to  which  the  vrhole 
body  is  subjected  in  the  preceding  case. 

l*he  body,  formed  in  either  of  these  ways,  may,  as  a  whole, 
undergo  metamorphosis  by  differentiation  of  its  parts ;  and 
this  differentiation  may  take  place  without  reference  to  any 
axis  of  symmetry,  or  it  may  have  ref^ence  to  such  an  axis. 
In  the  latter  case,  the  parts  of  the  body  which  become  dis- 
tinguishable may  correspond  on  the  two  sides  of  the  axis  (bi- 
lateral symmetry),  or  may  correspond  along  several  lines  p>aral- 
M  with  the  axis  (radial  symmetry). 

The  bilateral  or  radial  symmetry  of  the  body  may  be  fur- 
thc^r  complicated  by  its  segmentation,  or  separation  by  divi- 
sionn  tranftvorsc  to  the  axis,  into  parts,  each  of  which  corre- 
fipryfidfi  with  its  predecessor  or  successor  in  the  series. 

f  fi  tho  Aogmcntod  body,  the  segments  may  or  may  not  give 
rlufi  in  piymmotrically  or  asymmetrically  disposed  processes, 
whi(;h  firo  appendageSy  using  that  word  in  its  most  general 

And  tho  liighost  degree  of  complication  of  structure,  in 
boUi  nnitnals  and  plants,  is  attained  by  the  body  when  it  be- 
rnniofi  divided  into  sofpnonts  provided  with  appendages ;  when 
tlin  nogmniis  not  only  beoome  very  different  from  one  another, 
Inii  Honto  roalonoo  and  lose  their  primitive  distinctness ;  and 
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when  the  appendages  and  the  segments  into  which  they  are 
subdivided  similarly  become  differentiated  and  coalesce. 

It  is  in  virtue  of  such  processes  that  the  flowers  of  plants, 
and  the  heads  and  limbs  of  the  Artkropoda  and  of  the  Ver- 
tebrata^  among  animals,  attain  their  extraordinary  diversity 
and  complication  of  structure.  A  flower-bud  is  a  segmented 
body  or  axis,  with  a  certain  number  of  whorls  of  appendages ; 
and  the  perfect  flower  is  the  result  of  the  gradual  differentia- 
tion and  confluence  of  these  primitively  similar  -segments  and 
their  appendages.  The  head  of  an  insect  or  of  a  crustacean 
is,  in  like  manner,  composed  of  a  number  of  segments,  each 
with  its  pair  of  appendages,  which  by  differentiation  and  con- 
fluence are  converted  into  the  feelers  and  variously  modified 
oral  appendages  of  the  adult. 

In  some  complex  organisms,  the  process  of  differentiation 
by  which  they  pass  from  the  condition  of  aggregated  embryo 
cells  to  the  adult,  can  be  traced  back  to  the  laws  of  growth 
of  the  two  or  more  cells  into  which  the  embryo  cell  is  divided, 
each  of  these  cells  giving  rise  to  a  particular  portion  of  the 
adult  organism.  Thus  the  fertilized  embryo  cell  in  the  arche- 
gonium  of  a  fern  divides  into  four  cells,  one  of  which  gives 
rise  to  the  rhizome  of  the  young  fern,  another  to  its  first  root- 
let, while  the  other  two  are  converted  into  a  placenta-like 
mass  which  remains  imbedded  in  the  prothallus. 

The  structure  of  the  stem  of  Chara  depends  upon  the  dif- 
ferent properties  of  the  cells,  which  are  successively  derived 
by  transverse  division  from  the  apical  cell.  An  internodal 
cell,  which  elongates  greatly,  and  does  not  divide,  is  suc- 
ceeded by  a  nodal  cell,  which  elongates  but  little,  and  becomes 
greatly  subdivided ;  this  by  another  internodal  cell,  and  so 
on  in  regular  alternation.  In  the  same  way  the  structure  of 
the  stem,  in  all  the  higher  plants,  depends  upon  the  laws 
which  govern  the  manner  of  division  and  of  metamorphosis 
of  the  apical  cells,  and  of  their  continuation  in  the  cambium 
layer. 

In  all  animals  which  consist  of  cell-aggregates,  the  cells 
of  which  the  embryo  is  at  first  composed  arrange  themselves 
by  the  splitting,  or  by  a  process  of  invagination,  of  the  blas- 
toderm into  two  layers,  the  epiblast  and  the  h^poblasty  be- 
tween which  a  third  intermediate  layer,  the  mesoblasty  ap- 
pears ;  and  each  layer  gives  rise  to  a  definite  group  of  organs 
in  the  adult.  Thus,  in  the  Vertebratay  the  epiblast  gives  rise 
to  the  cerebro-spinal  axis,  and  to  the  epidermis  and  its  deriva- 
tives ;   the  hypoblast,  to  the  epithelium  of  the  alimentary 
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canal  and  its  derivatives ;  and  the  mesoblast,  to  intermediate 
structures.  The  tendency  of  recent  inquiry  is  to  prove  that 
the  several  layers  of  the  germ  evolve  analogous  organs  in  in- 
vertebrate animals,  and  to  indicate  the  possibility  of  tracing 
the  several  germ-layers  back  to  the  blastomeres  of  the  yelk, 
from  the  subdivision  of  which  they  proceed. 

It  is  conceivable  that  all  the  forms  of  life  should  have  pre- 
sented about  the  same  differentiation  of  structure,  and  should 
have  differed  from  one  another  by  superficial  characters,  each 
form  passing  by  insensible  gradations  into  those  most  like  it. 
In  this  case  Tazouomy,  or  the  classification  of  morphological 
facts,  would  have  had  to  confine  itself  to  the  formation  of  a 
serial  arrangement,  representing  the  serial  gradation  of  these 
forms  in  Nature. 

It  is  conceivable,  again,  that  living  beings  should  have  dif- 
fered as  widely  in  structure  as  they  actually  do,  but  that  the 
interval  between  any  two  extreme  forms  should  have  been 
filled  up  by  an  unbroken  series  of  gradations  ;  in  which  case, 
again,  classification  could  only  affect  the  formation  of  series — 
the  strict  definition  of  groups  would  be  as  impossible  as  in  the 
former  case. 

As  a  matter  of  fact,  living  beings  differ  enormously,  not 
only  in  differentiation  of  structure,  but  in  the  modes  in  which 
that  differentiation  is  brought  about ;  and  the  intervals  be- 
tween extreme  forms  are  not  filled  up,  in  the  existing  world, 
by  complete  series  of  gradations.  Hence  it  arises  that  living 
beings  are,  to  a  great  extent,  susceptible  of  classification  into 
groups,  the  members  of  each  group  resembling  one  another, 
and  differing  from  all  the  rest,  by  certain  definite  peculiarities. 

No  two  living  beings  are  exactly  alike,  but  it  is  a  matter 
of  observation  that,  among  the  endless  diversities  of  living 
things,  some  constantly  resemble  one  another  so  closely  that 
it  is  impossible  to  draw  any  line  of  dcmarkation  between  them, 
while  they  differ  only  in  such  characters  as  are  associated 
with  sex.  Such  as  thus  closely  resemble  one  another  consti- 
tute a  morphological  species  ;  while  different  morphological 
species  are  defined  by  constant  characters  which  are  not 
merely  sexual. 

The  comparison  of  these  lowest  groups,  or  morphological 
species,  with  one  another,  shows  that  more  or  fewer  of  them 
pK)ssess  some  character  or  characters  in  common — some  feat- 
ure in  which  they  resemble  one  another  and  differ  from  all 
other  species — and  the  group  or  higher  order  thus  formed  is 
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a  genus.  The  generio  groups  thus  oonstituted  arc  susceptible 
of  being  arranged  in  a  similar  manner  into  groups  of  succes- 
sively higher  order,  which  are  known  as  families^  orders^ 
daaaeSy  and  the  like. 

The  method  pursued  in  the  classification  of  living  forms  is, 
in  fact,  exactly  the  same  as  that  followed  by  the  maker  of  an 
index  in  working  out  the  heads  indexed.  In  an  alphabetical 
arrangement,  the  classification  may  be  truly  termed  a  mor- 
phological one,  the  object  being  to  put  into  close  relation  all 
those  leading  words  which  resemble  one  another  in  the 
arrangement  of  their  letters,  that  is,  in  their  form,  and  to  keep 
apart  those  which  difPer  in  structure.  Headings  which  begin 
with  the  same  word,  but  differ  otherwise,  might  be  compared 
to  genera  with  their  species ;  the  groups  of  words  with  the 
same  first  two  syllables,  to  families ;  those  with  identical  first 
syllables,  to  orders ;  and  those  with  the  same  initial  letter,  to 
classes.  But  there  is  this  difference  between  the  index  and 
the  Taxonomic  arrangement  of  living  forms,  that  in  the  for- 
mer there  is  nothing  but  an  arbitrary  relation  between  the 
various  classes,  while  in  the  latter  the  classes  are  similarly 
capable  of  co5rdination  into  larger  and  larger  groups,  until 
all  are  comprehended  under  the  common  definition  of  living 
beings. 

The  differences  between  "  artificial "  and  "  natural "  clas- 
sifications are  differences  in  degree,  and  not  in  kind.  In  each 
case  the  classification  depends  upon  likeness ;  but  in  an  artifi- 
cial classification  some  prominent  and  easily-observed  feature 
is  taken  as  the  mark  of  resemblance  or  dissemblance  ;  while,  in 
a  natural  classification,  the  things  classified  are  arranged  ac- 
cording to  the  totality  of  their  morphological  resemblances, 
and  the  features  which  are  taken  as  the  marks  of  groups  are 
those  which  have  been  ascertained  by  observation  to  be  the 
indications  of  manj'  likenesses  or  unlikenesses.  And  thus  a 
natural  classification  is  a  great  deal  more  than  a  mere  index. 
It  is  a  statement  of  the  marks  of  similarity  of  organization  ; 
of  the  kinds  of  structure  which,  as  a  matter  of  experience,  are 
found  universally  associated  together  ;  and,  as  such,  it  fur- 
nishes the  whole  foundation  for  those  indications  by  which 
conclusions  as  to  the  nature  of  the  whole  of  an  animal  are 
drawn  from  a  knowledge  of  some  part  of  it. 

When  a  paleontologist  argues  from  the  characters  of  a 
bone  or  a  shell  to  the  nature  of  the  animal  to  which  that  bone 
or  shell  belonged,  he  is  guided  by  the  empirical  morphologi- 
cal laws  estaUished  by  wide  observation,  that  such  a  kind  of 
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bone  or  shell  is  associated  with  such  and  such  structural  feat- 
ures in  the  rest  of  the  body,  and  no  others.  And  it  is  these 
empirical  laws  which  are  embodied  and  expressed  in  a  natural 
classification. 

II.  Distribution. 

Living  beings  occupy  certain  portions  of  the  surOace  of 
the  earth,  inhabiting  either  the  drjr  land,  or  the  fresh  or  salt 
waters;  or  being  competent  to  maintain  their  existence  in 
either.  In  any  given  locality,  it  is  found  that  these  different 
media  are  inhabited  by  different  kinds  of  living  beii^  ;  and 
that  the  same  medium,  at  different  heights  in  the  air  and  at 
different  depths  in  the  water,  has  different  living  inhabitants. 
Moreover,  the  living  populations  of  localities  which  differ 
considerably  in  latitude,  and  hence  in  climate,  always  present 
considerable  differences.  But  the  converse  proposition  is  not 
true — ^that  is  to  say,  localities  which  differ  in  longitude,  even 
if  they  resemble  one  another  in  climate,  often  have  very  dis- 
similar I^aunce  and  Florae, 

It  has  been  discovered,  by  careful  comparison  of  local  fau- 
nae and  floras,  that  certain  areas  of  the  earth's  surface  are 
inhabited  by  groups  of  animals  and  plants  which  are  not  found 
elsewhere,  and  which  thus  characterize  each  of  these  areas. 
Such  areas  are  termed  Provinces  of  Distribution^  There  is 
no  parity  between  these  provinces  in  extent,  nor  in  the  phys- 
ical configuration  of  their  boundaries  ;  and,  in  reference  to 
existing  conditions,  nothing  can  appear  to  be  more  arbitrary 
and  capricious  than  the  distribution  of  living  beings. 

The  study  of  distribution  is  not  confined  to  the  present 
order  of  Nature ;  but,  by  the  help  of  geology,  the  naturalist  is 
enabled  to  obtain  clear,  though  too  fragmentary,  evidence  of  the 
characters  of  the  faunae  and  floras  of  antecedent  epochs.  The  re- 
mains of  organisms  which  are  contained  in  the  stratified  rocks 
prove  that,  in  any  given  part  of  the  earth's  surface,  the  living 
population  of  earlier  epochs  was  different  from  that  which  now 
exists  in  the  locality  ;  and  that,  on  the  whole,  the  difference 
becomes  greater  the  farther  we  go  back  in  time.  The  organic 
remains  which  are  found  in  the  later  Cainozoic  deposits  of  any 
district  are  always  closely  allied  to  those  now  found  in  the 
province  of  distribution  in  which  that  locality  is  includQ,d ; 
while  in  the  older  Cainozoic  the  resemblance  is  less ;  and  in 
the  Mesozoic,  and  the  Palasozoic  strata,  the  fossils  may  be 
similar  to  creatures  at  present  living  in  some  other  province, 
or  may  be  altogether  unlike  any  which  now  exist. 
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In  any  given  locality,  the  succession  of  living  forms  may 
appear  to  be  interrupted  by  numerous  breaks — the  associated 
species  in  each  fossiliferous  bed  being  quite  distinct  from 
those  above  and  those  below  them.  But  the  tendency  of  all 
palaeontological  investigation  is  to  show  that  these  breaks  are 
only  apparent,  and  arise  from  the  incompleteness  of  the  series 
of  remains  which  happens  to  have  been  preserved  in  any  given 
locality.  As  the  area  over  which  accurate  geological  investi- 
gations have  been  carried  on  extends,  and  as  the  fossiliferous 
rocks  found  in  one  locality  fill  up  the  gaps  left  in  another,  so 
do  the  abrupt  demarkations  between  the  faunas  and  florae  of 
successive  epochs  disappear — a  certain  proportion  of  the  gen- 
era and  even  of  the  species  of  every  period,  great  or  small, 
being  found  to  be  continued  for  a  longer  or  shorter  time  into 
the  next  succeeding  period.  It  is  evident,  in  fact,  that  the 
changes  in  the  living  population  of  the  globe  which  have  taken 
place  during  its  history  have  been  effected,  not  by  the  sud- 
den replacement  of  one  set  of  living  beings  by  another,  but 
by  a  process  of  slow  and  gradual  introduction  of  new  species, 
accompanied  by  the  extinction  of  the  older  forms. 

It  is  a  remarkable  circumstance  that,  in  all  parts  of  the 
globe  in  which  fossiliferous  rocks  have  yet  been  examined, 
the  successive  terms  of  the  series  of  living  forms  which  have 
thus  succeeded  one  another  are  analogous.  The  life  of  the 
Mesozoio  epoch  is  everjrwhere  characterized  by  the  abundance 
of  some  groups  of  species  of  which  no  trace  is  to  be  found  in 
either  earlier  or  later  formations  ;  and  the  like  is  true  of  the 
Palaeozoic  epoch.  Hence  it  follows,  not  only  that  there  has 
been  a  succession  of  species,  but  that  the  general  nature  of 
that  aiuccession  has  been  the  same  all  over  the  globe  ;  and  it 
is  on  this  ground  that  fossils  are  so  important  to  the  geologist 
as  marks  of  the  relative  age  of  rocks. 

The  determination  of  the  morphological  relations  of  the 
species  which  have  thus  succeeded  one  another,  is  a  problem 
of  profound  importance  and  diflficulty,  the  solution  of  which, 
however,  is  already  clearly  indicated.  For,  in  several  cases, 
it  is  possible  to  show  that,  in  the  same  geographical  area,  a 
form  A,  which  existed  during  a  certain  geological  epoch,  has 
been  replaced  by  another  form  B,  at  a  later  period  ;  and  that 
this  form  B  has  been  replaced,  still  later,  by  a  third  form  C. 
When  these  forms,  A,  B,  and  C,  are  compared  together  they 
are  found  to  be  organized  upon  the  same  plan,  and  to  be 
very  similar  even  in  most  of  the  details  of  their  structure; 
but  B  differs  from  A  by  a  slight  modification  of  some  of  its 
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parts,  which  modification  is  carried  to  a  still  greater  extent 
inC. 

In  other  words,  A,  B,  and  C,  differ  from  cue  another  in 
the  same  fashion  as  the  earlier  and  later  stages  of  the  em- 
bryo of  the  same  animals  differ ;  and,  in  successive  epochs, 
we  have  the  group  presenting  that  progressive  specialization 
which  characterizes  the  development  of  the  individuaL  Clear 
evidence  that  this  progressive  specialization  of  structure  has 
actually  occurred  has  as  yet  been  obtained  in  only  a  few  cases 
(e.  ^»-.,  JiquidiF^  Crocodilia)^  and  these  are  confined  to  the 
highest  and  most  complicated  forms  of  life  ;  while  it  is  de- 
monstrable that,  even  as  reckoned  by  geologiod  time,  the  pro- 
cess must  have  been  exceedingly  slow. 

Among  the  lower  and  less  complicated  forms,  the  evidence 
of  progressive  modification,  furnished  by  comparison  of  the 
oldest  with  the  latest  forms,  is  slight,  or  absent ;  and  some 
of  these  have  certainly  p>ersisted,  with  very  little  change, 
from  extremely  ancient  times  to  the  present  day.  It  is  as 
important  to  recognize  the  fact  that  certain  forms  of  life  have 
thus  persisted,  as  it  is  to  admit  that  others  have  undergone 
progressive  modification. 

It  has  l)een  said  that  the  successive  terms  in  the  series  of 
living  forms  arc  analogous  in  all  parts  of  the  globe.  But  the 
species  which  constitute  the  corresponding  or  homotaxic  terms 
in  the  scries,  in  different  localities,  are  not  identical.  And, 
though  the  imperfection  of  our  knowledge  at  present  pre- 
cludes positive  assertion,  there  is  every  reason  to  believe  that 
geograpliioal  provinces  have  existed  throughout  the  period 
during  which  organic  remains  furnish  us  with  evidence  of  the 
existence  of  life.  The  wide  distribution  of  certain  Palaeozoic 
forms  does  not  militate  against  this  view  ;  for  the  recent  in- 
vestigations into  the  nature  of  the  deep-sea  fauna  have  shown 
that  numerous  Crustacea^  JBkhinodermata^  and  other  inver- 
tebrate animals,  have  as  wide  a  distribution  now  as  their  ana- 
logues possessed  in  the  Silurian  epoch. 

III.  Physiologt. 

Thus  far,  living  beings  have  been  regarded  merely  as 
definite  forms  of  matter,  and  biology  has  presented  no  con- 
siderations of  a  different  order  from  those  which  meet  the 
student  of  mineralogy.  But  living  things  are  not  only  natural 
bodies,  having  a  definite  form  and  mode  of  structure,  growth, 
and  development.    They  are  machines  in  action  ;  and,  under 
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this  aspect,  the  phenomena  which  they  present  have  no  par- 
allel in  the  mineral  world. 

The  actions  of  living  matter  are  termed  its  functions ; 
and  these  functions,  varied  as  they  are,  may  be  reduced  to 
three  categories.  They  are  either — (1),  functions  which  affect 
the  material  composition  of  the  body,  and  determine  its  mass, 
which  is  the  balance  of  the  processes  of  waste  on  the  one 
hand  and  those  of  assimilation  on  the  other ;  or  (2),  they  are 
functions  which  subserve  the  process  of  reproduction,  which 
is  essentially  the  detachment  of  a  part  endowed  with  the  pow- 
er of  developing  into  an  independent  whole  ;  or  (3),  they  are 
functions  in  virtue  of  which  one  part  of  the  body  is  able  to 
exert  a  direct  influence  on  another,  and  the  body,  by  its  parts 
or  as  a  whole,  becomes  a  source  of  molar  motion.  The  first 
may  be  termed  sustentcUivCy  the  second  generative,  and  the 
third  correlative  functions. 

Of  these  three  classes  of  functions  the  first  two  only  can 
be  said  to  be  invariably  present  in  living  beings,  all  of  which 
are  nourished,  grow,  and  multiply.  But  there  are  some  forms 
of  life,  such  as  many  Fungi,  which  are  not  known  to  possess 
any  powers  of  changing  their  form  ;  in  which  the  protoplasm 
exhibits  no  movements,  and  reacts  upon  ncr stimulus ;  and  in 
which  any  influence  which  the  different  parts  of  the  body  ex- 
ert upon  one  another  must  be  transmitted  indirectly  from 
molecule  to  molecule  of  the  common  mass.  In  most  of  the 
lowest  plants,  however,  and  in  all  animals  yet  known,  the 
body  either  constantly  or  temporarily  changes  its  form,  either 
with  or  without  the  application  of  a  special  stimulus,  and 
thereby  modifies  the  relations  of  its  parts  to  one  another,  and 
of  the  whole  to  surrounding  bodies  ;  while,  in  all  the  higher 
animals,  the  different  parts  of  the  body  are  able  to  affect,  and  be 
affected  by  one  another,  by  means  of  a  special  tissue,  termed 
neroe.  Molar  motion  is  effected  on  a  large  scale  by  means  of 
another  special  tissue,  muscle ;  and  the  organism  is  brought 
into  relation  with  surrounding  bodies  by  means  of  a  third 
kind  of  special  tissue — that  of  the  sensory  organs — by  means 
of  which  the  forces  exerted  by  surrounding  bodies  are  trans- 
muted into  affections  of  nerve. 

In  the  lowest  forms  of  life,  the  functions  which  have  been 
enumerated  are  seen  in  their  simplest  forms,  and  they  are  ex- 
erted indifferently,  or  nearly  so,  by  all  parts  of  the  proto- 
plasmic body  ;  and  the  like  is  true  of  the  functions  of  the 
body  of  even  the  highest  organisms,  so  long  as  they  are  in 
the  condition  of  the  nucleated  cell,  which  constitutes  the 
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starting-point  of  their  deTelopment.  Bat  the  first  piccess  in 
that  development  is  the  division  of  the  germ  into  a  number 
of  morphok^gical  anits  or  biastomeres,  which,  eTentnailT,  give 
rise  to  cells  ;  and.  as  each  of  these  poesesses  the  same  physio- 
logical fonctions  as  the  germ  itself,  it  follows  that  each  mor- 
phological unit  is  also  a  physiological  unit,  and  the  multicenu- 
lar  mass  is  strictly  a  compound  organism,  made  up  of  a  mul- 
titude of  physiologically  independent  cells.  The  physiologi- 
cal activities  manifested  by  the  complex  whole  represent  the 
sum,  or  rather  the  resultant,  of  the  separate  and  independoit 
physiological  activities  resident  in  ^ch  of  the  simpler  con- 
stituents of  that  whole. 

The  morphological  changes  whidi  the  cells  undergo  in 
the  course  of  the  farther  development  of  the  organism  do 
not  affect  their  individuality  ;  and,  notwithstanding  the  modi- 
fication and  confluence  of  its  constituent  cells,  the  adult  (or- 
ganism, however  complex,  is  still  an  aggregate  of  morphologi- 
cal units.  Nor  is  it  less  an  aggregate  of  physiological  unitSy 
each  of  which  retains  its  fundamental  independence,  though 
that  independence  becomes  restricted  in  various  ways. 

Each  cell,  or  that  element  of  a  tissue  which  proceeds  from 
the  modification  (5f  a  cell,  must  needs  retain  its  sustentative 
functions  so  long  as  it  grows  or  maintains  a  condition  of 
equilibrium ;  but  the  most  completely  metamorphosed  cells 
show  no  trace  of  the  generative  function,  and  many  exhibit 
no  correlative  functions.  Contrariwise,  those  cells  of  the  adult 
organism  which  arc  the  unmetamorphosed  derivatives  of  the. 
germ  exhibit  all  the  primary  functions,  not  only  nourishing 
themselves  and  growing,  but  multiplying,  and  frequently 
showing  more  or  less  marked  movements. 

Organs  are  parts  of  the  body  which  perform  particular 
functions.  In  strictness,  perhaps,  it  is  not  quite  right  to 
speak  of  organs  of  sustentation  or  generation,  each  of  these 
functions  being  necessarily  performed  by  the  morphological 
unit  which  is  nourished  or  reproduced.  What  are  called  the 
organs  of  these  functions  are  the  apparatuses  by  which  cer- 
tain operations,  subsidiary  to  sustentation  and  generation,  are 
carried  on. 

Thus,  in  the  case  of  the  sustentative  functions,  all  those 
organs  may  be  said  to  contribute  to  these  functions  which  are 
concerned  in  bringing  nutriment  within  the  reach  of  the  ulti- 
mate colls,  or  in  removing  waste  matter  from  them  ;  while  in 
tlio  oaso  of  the  generative  function,  all  those  organs  contribute 
to  the  function  which  produce  the  cells  from  wnich  germs  are 
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given  off;  or  help  in  the  evacution,  or  fertilization,  or  develop- 
ment, of  these  germs. 

On  the  other  hand,  the  correlative  functions,  so  long  as 
they  are  exerted  by  a  simple  undifferentiated  morphological 
unit  or  ceU,  are  of  the  simplest  character,  consistiug  of  those 
modifications  of  position  which  can  be  effected  by  mere 
changes  in  the  form  or  arrangement  of  the  parts  of  the  pro- 
toplasm, or  of  those  prolongations  of  the  protoplasm  which 
are  called  pseudopodia  or  ciUa.  But,  in  the  higher  animals 
and  plants,  the  movements  of  the  organism  and  of  its  parts 
are  brought  about  by  the  change  of  the  form  of  certain  tis- 
sues, the  property  of  which  is  to  shorten  in  one  direction 
when  exposed  to  certain  stimuli.  Such  tissues  are  termed 
contractUe ;  and,  in  their  most  fully  developed  condition, 
muscular.  The  stimulus  by  which  this  contraction  is  natu- 
rally brought  about  is  a  molecular  change,  either  in  the  sub- 
stance of  the  contractile  tissue  itself,  or  in  some  other  part 
of  the  body ;  in  which  latter  case,  the  motion  which  is  set  up 
in  that  part  of  the  body  must  be  propagated  to  the  contractile 
tissue  through  the  intermediate  substance  of  the  body.  In 
plants,  there  seems  to  be  no  question  that  parts  which  retain 
a  hardly  modified  cellular  structure  may  serve  as  channels  for 
the  transmission  of  this  molecular  motion  ;  whether  the  same 
is  true  of  animals  is  not  certain.  But,  in  all  the  more  com- 
plex animals,  a  peculiar  fibrous  tissue — nerve — serves  as  the 
agent  by  which  contractile  tissue  is  affected  by  changes  oc- 
curring elsewhere,  and  by  which  contractions  thus  initiated 
are  coordinated  and  brought  into  harmonious  combination. 
While  the  sustentative  functions  in  the  higher  forms  of  life 
are  still,  as  in  the  lower,  fundamentally  dependent  upon  the 
powers  inherent  in  all  the  physiological  units  which  make  up 
the  body,  the  correlative  functions  are,  in  the  former,  deputed 
to  two  sets  of  specially  modiBed  units,  which  constitute  the 
muscular  and  the  nervous  tissues. 

When  the  different  forms  of  life  are  compared  together  as 
physiological  machines,  tljey  are  found  to  differ  as  machines 
of  human  construction  do.  In  the  lower  forms,  the  mechan- 
ism, though  perfectly  well  adapted  to  do  the  work  for  which 
it  is  required,  is  rough,  simple,  and  weak ;  while,  in  the 
higher,  it  is  finished,  complicated,  and  powerful.  Considered 
as  machines,  there  is  the  same  sort  of  difference  between  a 
polyp  and  a  horse  as  there  is  between  a  distaff  and  a  spin- 
ning-jenny. In  the  progress  from  the  lower  to  the  higher 
organism,  there  is  a  gradual  differentiation  of  organs  and  of 


30  THE  ANATOMY  OF  INVERTEBRATED  ANIMALS. 

functions.  Each  function  is  separated  into  many  parts,  which 
are  severally  intrusted  to  distinct  organs.  To  use  the  strik- 
ing phrase  ol  Milne-Edwards,  in  passing  from  low  to  high 
organisms,  there  is  a  division  of  physiological  labor.  And 
exactly  the  same  process  is  observable  in  the  development  of 
any  of  the  higher  organisms  ;  so  that,  physiologically  as  well 
as  morphologically,  development  is  a  progress  from  the  gen- 
eral to  the  special. 

Thus  far,  the  physiological  activities  of  living  matter  have 
been  considered  in  themselves,  and  without  reference  to  any- 
thing that  may  affect  them  in  the  world  outside  the  living 
body.  But  living  matter  acts  on,  and  is  powerfully  affected 
by,  the  bodies  which  surround  it;  and  the  study  of  the  in- 
fluence of  the  "  conditions  of  existence "  thus  determined 
constitutes  a  most  important  part  of  physiology. 

The  sustentative  functions,  for  example,  can  only  be  ex- 
erted under  certain  conditions  of  temperature,  pressure,  and 
light,  in  certain  media,  and  with  supplies  of  particular  kinds 
of  nutritive  matter ;  the  sufficiency  of  which  supplies,  again, 
is  greatly  influenced  by  the  competition  of  other  organisms, 
which,  striving  to  satisfy  the  same  needs,  give  rise  to  the 
passive  "  struggle  for  existence."  The  exercise  of  the  correl- 
ative functions  is  influenced  by  similar  conditions,  and  by  the 
direct  conflict  with  other  organisms,  which  constitutes  the  ac- 
tive struggle  for  existence.  And,  finally,  the  generative  func- 
tions are  subject  to  extensive  modifications,  dependent  partly 
upon  what  are  commonly  called  external  conditions,  and  part- 
ly upon  wholly  unknown  agencies. 

In  the  lowest  forms  of  life,  the  only  mode  of  generation 
at  present  known  is  tlie  division  of  the  body  into  two  or  more 
parts,  each  of  which  then  grows  to  the  size  and  assumes  the 
form  of  its  parent,  and  repeats  the  process  of  multiplication. 
This  method  of  multiplication  by  JUaion  is  properly  called 
generation,  because  the  parts  which  are  separated  are  sev- 
erally competent  to  give  rise  to  individual  organisms  of  the 
same  nature  as  that  from  which  they  arose. 

In  many  of  the  lowest  organisms  the  process  is  modified 
so  far  that,  instead  of  the  parent  dividing  into  two  equal 
parts,  only  a  small  portion  of  its  substance  is  detached,  as  a 
bud,  which  develops  into  the  likeness  of  its  parent.  This 
is  generation  by  gemmation.  Generation  by  fission  and  by 
gemmation  is  not  confined  to  the  simplest  forms  of  life, 
however.     On  the  contrary,  both  modes  of  multiplication  are 
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common  not  only  among  plants,  but  among  animals  of  con- 
siderable complexity. 

The  multiplication  of  flowering  plants  by  bulbs,  that  of 
annelids  by  fission,  and  that  of  polyps  by  budding,  are  well- 
known  examples  of  these  modes  of  reproduction.  In  all 
these  cases,  the  bud  or  the  segment  consists  of  a  multitude 
of  more  or  less  metamorphosed  cells.  But,  in  other  in- 
stances, a  single  cell  detached  from  a  mass  of  such  undiffer- 
entiated cells  contained  in  the  parental  organism  is  the  foun- 
dation of  the  new  organism,  and  it  is  hard  to  say  whether  such 
a  detached  cell  may  be  more  fitly  called  a  bud  or  a  segment 
— whether  the  proce^  is  more  akin  to  fission  or  to  gemma- 
tion. 

In  all  these  cases  the  development  of  the  new  being  from 
the  detached  germ  takes  place  without  the  influence  of  other 
living  matter.  Common  as  the  process  is  in  plants  and  in 
the  lower  animals,  it  becomes  rare  among  the  higher  animals. 
In  these,  the  reproduction  of  the  whole  organism  from  a  part, 
in  the  way  indicated  above,  ceases.  At  most  we  find  that 
the  cells  at  the  end  of  an  amputated  portion  of  the  organism 
are  capable  of  reproducing  the  lost  part ;  in  the  very  highest 
animals,  even  this  power  vanishes  in  the  adult ;  and,  in  most 
parts  of  the  body,  though  the  undifferentiated  cells  are 
capable  of  multiplication,  their  progeny  grow,  not  into  whole 
organisms  like  that  of  which  they  form  a  part,  but  into  ele- 
ments of  the  tissues. 

Throughout  almost  the  whole  series  of  living  beings,  how- 
ever, we  find  concurrently  with  the  process  of  agamogenesiSj 
or  asexual  generation,  another  method  of  generation,  in  which 
the  development  of  the  germ  into  an  organism  resembling 
the  parent  depends  on  an  influence  exerted  by  living  matter 
different  from  the  germ.  This  is  gamogenesis  or  sexual  gen- 
eration. Looking  at  the  facts  broadly,  and  without  reference 
to  many  exceptions  in  detail,  it  may  be  said  that  there  is  an 
inverse  relation  between  agamogenetic  and  gamogenetic  re- 
production. In  the  lowest  organisms  gamogenesis  has  not 
yet  been  observed,  while  in  the  highest  agamogenesis  is  ab- 
sent. In  many  of  the  lower  forms  of  life  agamogenesis  is  the 
common  and  predominant  mode  of  reproduction,  while  gamo- 
genesis is  exceptional ;  on  the  contrary,  in  many  of  the  high- 
er, while  gamogenesis  is  the  rule,  agamogenesis  takes  place 
exceptionally. 

In  its  simplest  condition,  which  is  termed  "  conjugation^^ 
sexual  generation  consists  in  the  coalescence  of  two  similar 
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masses  of  protoplasmic  matter,  derived  from  different  parte 
of  the  same  organism,  or  from  two  organisms  of  the  same 
species,  and  the  single  mass  which  results  from  the  fusion 
develops  into  a  now  organism. 

In  the  majority  of  cases,  however,  there  is  a  marked  mor- 
phological difference  between  the  two  factors  in  the  process, 
and  then  one  is  called  the  tncUey  and  the  other  the  /emaUy 
element.  The  female  element  is  relatively  large,  and  under- 
goes but  little  change  of  form.  In  all  the  higher  plants  and 
animals  it  is  a  nucleated  cell,  to  which  a  greater  or  less 
amount  of  nutritive  material,  constituting  a  food-yeXk^  mhj 
be  added. 

The  male  element,  on  the  other  hand,  is  relatively  small. 
It  may  be  conveyed  to  the  female  element  by  an  outgrowth 
of  the  wall  of  its  cell,  which  is  short  in  many  AlffCB  and  J^ngt^ 
but  becomes  an  immensely  elongated  tubular  filament,  in  the 
case  of  the  pollen-cell  of  flowering  plants.  But,  more  com- 
monly, the  protoplasm  of  the  male  cell  becomes  converted 
into  rods  or  filaments,  which  usually  are  in  active  vibratile 
movement,  and  sometimes  are  propelled  by  numerous  cilia. 
Occasionally,  however,  as  in  many  Nematoidea  and  Arthro- 
poda^  they  are  devoid  of  mobility. 

The  manner  in  which  the  contents  of  the  pollen-tube 
affect  the  embryo  cell  in  flowering  plants  is  unknown,  as  no 
perforation  through,  which  the  contents  of  the  pollen-tube 
may  pass,  so  as  actually  to  mix  with  the  substance  of  the  em- 
bryo cell,  has  been  discovered  ;  and  there  is  the  same  di£B- 
culty  with  respect  to  the  conjugative  processes  of  some  of  the 
Cryptogamia.  But  in  the  great  majority  of  plants,  and  in 
all  animals,  there  can  be  no  doubt  that  the  substance  of  the 
male  element  actually  mixes  with  that  of  the  female,  so 
that,  in  all  these  cases,  the  sexual  process  remains  one  of  con- 
jugation ;  and  impregnation  is  the  physical  admixture  of  pro- 
toplasmic matter  derived  from  two  sources,  which  may  be 
either  different  parts  of  the  same  organism,  or  different  organ- 
isms. 

The  effect  of  impregnation  appears  in  all  cases  to  be  that 
the  impregnated  protoplasm  tends  to  divide  into  portions 
(blastomeres),  which  may  remain  united  as  a  single  cell-aggre- 
gate, of  some  or  all  of  which  may  become  separate  organ- 
isms. A  longer  or  shorter  period  of  rest,  in  many  cases, 
intervenes  between  the  act  of  impregnation  and  tne  com- 
mencement of  the  process  of  division. 

As  a  general  rule,  the  female  cell,  which  directly  receives 
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the  influence  of  the  male,  is  that  whioh  undergoes  division 
and  eventual  development  into  independent  germs ;  but  there 
are  some  plants,  such  as  the  FloridecB^  in  which  this  is  not 
the  case.  In  these,  the  protoplasmic  body  of  the  trichdgyne, 
which  unites  with  the  spermatozooids,  does  not  undergo 
division  itself,  but  transmits  some  influence  to  adjacent  cells, 
in  virtue  of  which  they  become  subdivided  into  independent 
germs  or  spores. 

There  \b  still  much  obscurity  respecting  the  reproductive 
processes  of  the  Infusoria  ;  but,  in  the  VbrticellidcBy  it  would 
appear  that  conjugation  merely  determines  a  condition  of  the 
whole  organism,  which  gives  rise  to  the  division  of  the  endo- 
plast  or  so-called  nucleus,  by  which  germs  are  thrown  off; 
and,  if  this  be  the  case,  the  process  would  have  some  analogy 
to  what  takes  place  in  the  JFloridecB. 

On  the  other  hand,  the  process  of  conjugation  by  which 
two  distinct  DiporpcB  combine  into  that  extraordinary  double 
organism,  the  Diplozodn  paradoxumy  does  not  directly  give 
rise  to  germs,  but  determines  the  development  of  the  sexual 
organs  in  each  of  the  conjugated  individuals ;  and  the  same 
process  takes  place  in  a  larg^  number  of  the  Infusoria^  if 
what  are  supposed  to  be  male  sexual  elements  in  them  are 
really  such. 

The  process  of  impregnation  in  the  FloridecB  is  remark- 
ably interesting,  from  its  bearing  upon  the  changes  which 
fecundation  is  known  to  produce  upon  parts  of  the  parental 
organism  other  than  the  ovum,  even  in  the  highest  animals 
and  plants. 

The  nature  of  the  influence  exerted  by  the  male  element 
upon  the  female  is  wholly  unknown.  No  morphological  dis- 
tinction can  be  drawn  between  those  cells  which  are  capable 
of  reproducing  the  whole  organism  without  impregnation 
and  those  which  need  it,  as  is  obvious  from  what  happens  in 
insects,  where  eggs  which  ordinarily  require  impregnation, 
exceptionally,  as  in  many  moths,  or  regularly,  as  in  the  case 
of  the  drones  among  bees,  develop  without  impregnation. 
Even  in  the  higher  animals,  such  as  the  fowl,  the  earlier 
stages  of  division  of  the  germ  may  take  place  without  im- 
pregnation. 

In  fact,  generation  may  be  regarded  as  a  particular  case 
of  cell-multiplication,  and  impregnation  simply  as  one  of  the 
many  conditions  which  may  determine  or  affect  that  process. 
In  the  lowest  organisms  the  simple  protoplasmic  mass  divides, 
and  each  part  retains  all  the  physiological  properties  of  the 
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whole,  and  consequently  constitutes  a  germ  whence  the  whole 
body  can  be  reproduced.  In  more  advanced  organisms  each  of 
the  multitude  of  cells  into  which  the  embryo  cell  is  oonverted 
at  first,  probably  retains  all,  or  nearly  all,  the  physiological 
capabilities  of  the  whole,  and  is  capable  of  serving  as  a  re- 
productive germ  ;  but,  as  division  goes  on,  and  many  of  the 
cells  which  result  from  division  acquire  special  morphological 
and  physiological  properties,  it  seems  not  improbable  that  they, 
in  proportion,  lose  their  more  general  characters.  In  propor- 
tion, for  example,  as  the  tendency  of  a  given  cell  to  become  a 
muscle-cell  or  a  cartilage-cell  is  more  marked  and  definite,  it 
is  readily  conceivable  that  its  primitive  capacity  to  reproduce 
the  whole  organism  should  be  reduced,  though  it  might  not  be 
altogether  abolished.  If  this  view  is  well  based,  the  power  of 
reproducing  the  whole  organism  would  be  limited  to  those 
cells  which  had  acquired  no  special  tendencies,  and  conse- 
quently had  retained  all  the  powers  of  the  primitive  cell  in 
which  the  organism  commenced  its  existence.  The  more  ex- 
tensively diffused  such  cells  were,  the  more  generally  might 
multiplication  by  budding  or  fission  take  place ;  the  more  lo- 
calized, the  more  limited  would  be  the  parts  of  the  organism 
in  which  such  a  process  would  take  place.  And,  even  where 
such  cells  occurred,  their  development  or  non-development 
might  be  connected  with  conditions  of  nutrition.  It  depends 
on  the  nutriment  supplied  to  the  female  larva  of  a  bee  wheth- 
er it  shall  become  a  neuter  or  a  sexually  perfect  female ;  and 
the  sexual  perfection  of  a  largo  proportion  of  the  internal 
parasites  is  similarly  dependent  upon  their  food,  and  perhaps 
on  other  conditions,  such  as  the  temperature  of  the  medium 
in  which  they  live.  Thus  the  gradual  disappearance  of  aga- 
mogenesis  in  the  higher  animals  would  be  related  with  that 
increasing  specialization  of  function  which  is  their  essential 
characteristic ;  and,  when  it  ceases  to  occur  altogether,  it 
may  be  supposed  that  no  cells  are  left  which  retain  unmodified 
the  powers  of  the  primitive  embryo  cell.  The  organism  is 
like  a  society  in  which  every  one  is  so  engrossed  by  his  spe- 
cial business  that  he  has  neither  time  nor  inclination  to  marry. 
Even  the  female  elements  in  the  highest  organisms,  little 
as  they  differ  to  all  appearance  from  undifferentiated  cells, 
and  though  they  are  directly  derived  from  epithelial  cells 
which  have  undergone  very  little  modification  from  the  condi- 
tion of  blastomeres,  are  incapable  of  full  development  unless 
they  are  subjected  to  the  influence  of  the  male  element,  which 
may,  as  Caspar  Wolff  suggested,  be  compared  to  a  kind  of 
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nutriment.  But  it  is  a  living  nutriment,  in  some  respects 
comparable  to  that  which  would  be  supplied  to  an  animal 
kept  aliye  by  transfusion,  and  its  molecules  transfer  to  the 
impregnated  embryo  cell  all  the  special  characters  of  the  or- 
ganism to  which  it  belonged. 

The  tendency  of  the  germ  to  reproduce  the  characters  of 
its  immediate  parents,  combined,  in  the  case  of  sexual  genera- 
tion, with  the  tendency  to  reproduce  the  characters  of  the 
male,  is  the  source  of  the  singular  phenomena  of  hereditary 
transmission.  No  structural  modification  is  so  slight,  and  no 
functional  peculiarity  is  so  insignificant  in  either  parent,  that 
it  may  not  make  its  appearance  in  the  ofispring.  But  the 
transmission  of  parental  peculiarities  depends  greatly  upon 
the  manner  in  which  they  have  been  acquired.  Such  as  have 
arisen  naturally,  and  have  been  hereditary  through  many  an- 
tecedent generations,  tend  to  appear  in  the  progeny  with 
great  force ;  while  artificial  modifications — such,  for  example, 
as  result  from  mutilation — are  rarely,  if  ever,  transmitted. 
Circumcision  through  innumerable  ancestral  generations  does 
not  appear  to  have  reduced  that  rite  to  a  mere  formality,  as 
it  should  have  done  if  the  abbreviated  prepuce  had  become 
hereditary  in  the  descendants  of  Abraham  ;  while  modem 
lambs  are  bom  with  long  tails,  notwithstanding  the  long-con- 
tinued practice  of  cutting  those  of  every  generation  short. 
And  it  remains  to  be  seen  whether  the  supposed  hereditary 
transmission  of  the  habit  of  retrieving  among  dogs  is  really 
what  it  seems  at  first  sight  to  be  ;  on  the  other  side,  Brown- 
S^uard's  case  of  the  transmission  of  artificially-induced  epi- 
lepsy in  Guinea-pigs  is  undoubtedly  very  weighty. 

Although  the  germ  alvrays  tends  to  reproduce,  directly  or 
indirectly,  the  organism  from  which  it  is  derived,  the  result 
of  its  development  differs  somewhat  from  the  parent.  Usually 
the  amount  of  variation  is  insignificant ;  but  it  may  be  con- 
siderable, as  in  the  so-called  "  sports  ; "  and  such  variations, 
whether  useful  or  useless,  may  be  transmitted  with  great  te- 
nacity to  the  offspring  of  the  subjects  of  them. 

In  many  plants  and  animals  which  multiply  both  asexually 
and  sexually  there  is  no  definite  relation  between  the  aga- 
mogenetic  and  the  gamogenetic  phenomena.  The  organism 
may  multiply  asexually  before,  or  after,  or  concurrently  with, 
the  occurrence  of  sexual  generation. 

But  in  a  great  many  of  the  lower  organisms,  both  animal 
and  vegetable,  the  organism  (A)  which  results  from  the  im- 
pregnated germ  produces  offspring  only  agamogenetically. 
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It  thus  gives  rise  to  a  series  of  independent  oiymnisnMi  (B, 
B,  B,  .  .  .)>  which  are  more  or  less  different  from  A,  and 
wliich  sooner  or  later  acquire  generative  oigana.  From  their 
impregnated  germs  A  is  reproduced.  The  process  thus  de- 
scribed is  what  has  been  termed  the  "  alternation  of  genera- 
tions "  under  its  simplest  form — ^for  example,  as  it  is  exhibited 
by  the  SoUpce.  In  more  complicated  cases  the  independent 
organisms  which  correspond  with  B  may  give  rise  agamo- 
geneiically  to  others  (B  ),  and  these  to  others  (B,),  and  so 
on  (o.  g.,  Aphis).  But,  however  long  the  series,  a  final  term 
appears  which  develops  sexual  organs,  and  reproduces  A. 
The  "  alternation  of  generations  "  is,  therefore,  in  strictness, 
an  alternation  of  asexual  with  sexual  generation,  in  which 
the  products  of  the  one  process  differ  from  those  of  ^e 
other. 

The  Tlydrozoa  offer  a  complete  series  of  gradations  be- 
tween those  cases  in  which  the  term  B  is  represented  by  a 
free,  self-nourishing  organism  (e.  g.,  Cyanma)^  through  those 
in  which  it  is  free  but  unable  to  feed  itself  ( CcUycopharidcB)^ 
to  those  in  which  the  sexual  elements  are  developed  in  bodies 
which  resemble  free  zoOids,  but  are  never  detached,  and  are 
more  generative  organs  of  the  body  on  which  they  are  devel- 
oped (  Cordylophora). 

In  the  last  case  the  "  individual  "  is  the  total  product  of 
the  dovolopmont  of  the  impregnated  embryo,  all  the  parts  of 
which  remain  in  material  continuity  with  one  another.  The 
multiplication  of  mouths  and  stomachs  in  a  Cordylophora  no 
more  makes  it  an  aggregation  of  different  individuals  than 
the  multiplication  of  segments  and  logs  in  a  centipede  con- 
verts that  Artliropod  into  a  compound  animal.  The  Cordy- 
lophora is  a  differentiation  of  a  whole  into  many  parts,  and 
tho  use  of  any  terminology  which  implies  that  it  results  from 
the  coalescenco  of  many  parts  into  a  whole  is  to  be  depre- 
cated. 

In  Cordylophora  the  generative  organs  are  incapable  of 
maintaining  a  separate  existence  ;  but  in  nearly-allied  Hydro- 
zoa  the  unquestionable  homologues  of  these  organs  become 
free  zoUids,  in  many  cases  capable  of  feeding  and  growing, 
and  developing  the  sexual  elements  only  after  they  have  un- 
dergone considerable  changes  of  form.  Morphologically,  the 
swarm  of  Medusm  thus  set  free  from  a  HydrozoOn  are  as 
much  organs  of  the  latter  as  the  multitudinous  pinnules  of  a 
Comatula^  with  their  genital  glands,  are  organs  of  the  Echi- 
noderm.     Morphologically,  therefore,  the  equivalent  of  the 
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individual  Comatula  is  the  Hydrozoic  stock  plus  all  the  Me' 
duscB  which  proceed  from  it. 

No  doubt  it  sounds  paradoxical  to  speak  of  a  million  of 
Aphides^  for  example,  as  parts  of  one  morphological  individ- 
ual ;  but  beyond  the  momentary  shock  of  the  paradoi(  no 
harm  is  done.  On  the  other  hand,  if  the  asexual  Aphides 
are  held  to  be  individuals,  it  follows,  as  a  logical  consequence, 
not  only  that  all  the  poljrps  on  a  Cordylophora  tree  are 
^*  feeding  individuals,"  and  all  the  genital  sacs  '*  generative 
individuals,"  while  the  stem  must  be  a  '*  stump  individual," 
but  that  the  eyes  and  legs  of  a  lobster  are  *'*'  ocular "  and 
**  locomotive  individuals."  And  this  conception  is  not  only 
somewhat  more  paradoxical  than  the  other,  but  suggests  a 
conception  of  the  origin  of  the  complexity  of  animal  struct- 
ure which  is  wholly  inconsistent  with  fact. 

IV.  -Etiology. 

Morphology,  distribution,  and  physiology,  investigate  and 
determine  the  facts  of  biology.  Etiology  has  for  its  object 
the  ascertainment  of  the  causes  of  these  facts,  and  the  ex- 
planation of  biological  phenomena,  by  showing  that  they  con- 
stitute particular  cases  of  general  physical  laws.  It  is  hardly 
needful  to  say  that  aetiology,  as  thus  conceived,  is  in  its  in- 
fancy, and  that  the  seething  controversies,  to  which  the 
attempt  to  found  this  branch  of  science  made  in  the  ''  Origin 
of  Species  "  has  given  rise,  cannot  be  dealt  with  in  this  place. 
At  most,  the  general  nature  of  the  problems  to  be  solved,  and 
the  course  of  inquiry  needful  for  their  solution,  may  be  indi- 
cated. 

In  any  investigation  into  the  causes  of  the  phenomena  of 
life,  the  first  question  which  arises  is,  Whether  we  have  any 
knowledge,  and  if  so,  what  knowledge,  of  the  origin  of  living 
matter  ? 

In  the  case  of  all  conspicuous  and  easily-studied  organ- 
isms, it  has  been  obvious,  since  the  study  of  Nature  began, 
that  living  beings  arise  by  generation  from  living  beings  of 
a  like  kind ;  but,  before  the  latter  part  of  the  seventeenth  cen- 
tury, learned  and  unlearned  alike  shared  the  conviction  that 
this  rule  was  not  of  universal  application,  and  that  multitudes 
of  the  smaller  and  more  obscure  organisms  were  produced  by 
the  fermentation  of  not-living,  and  especially  of  putrefying 
dead  matter,  by  what  was  then  termed  generatio  cequivoca 
or  sporUaneaj  and  is  now  called  abiogenesis,    Redi  showed 
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that  the  general  belief  was  erroneous  in  a  multitude  of  in- 
stances  ;  Spallanzani  added  largely  to  the  list ;  while  the  in- 
vestigations of  the  scientific  helminthologists  of  the  present 
centurj  have  eliminated  a  further  category  of  cases  in  which 
it  was  possible  to  doubt  the  applicabiUty  of  the  rule  ^  omne 
vivum  e  vivo  "  to  the  more  complex  organisms  which  consti- 
tute the  present  fauna  and  flora  of  the  earth.  Even  the  most 
extravagant  supporters  of  abiogenesis  at  the  present  day  do 
not  pretend  that  organisms  of  higher  rank  than  the  lowest 
J*\inffi  and  J^otozoa  are  produced  otherwise  than  by  genera- 
tion from  preexisting  organisms.  But  it  is  pretended  that 
Bacteriay  IhnUce^  certain  Fungi^  and  "Monads,"  are  de- 
veloped under  conditions  which  render  it  impossible  that 
these  organisms  should  have  proceeded  directly  from  living 
matter. 

The  experimental  evidence  adduced  in  favor  of  this  prop- 
osition is  always  of  one  kind,  and  the  reasoning  on  which 
the  conclusion  that  abiogenesis  occurs  is  based  may  be  stated 
in  the  following  form  : 

All  living  matter  is  killed  by  being  heated  to  n  degrees. 

The  contents  of  a  vessel,  the  entry  of  germs  from  without 
into  which  is  prevented,  have  been  heated  to  n  degrees. 

Therefore,  all  living  matter  which  may  have  existed  there- 
in has  been  killed. 

But  living  Bacteria^  etc.,  have  appeared  in  these  contents 
subsequently  to  their  being  heated. 

Therefore^  they  have  been  formed  abiogenetically. 

No  objection  can  be  taken  to  the  logical  form  of  this  rea- 
soning, but  it  is  obvious  that  its  applicability  to  any  particu- 
lar case  depends  entirely  upon  the  validitj-,  in  that  case,  of 
the  first  and  second  propositions. 

Suppose  a  fluid  to  be  full  of  Bacteria  in  active  motion, 
what  evidence  have  we  that  they  are  killed  when  that  fluid 
is  heated  to  n  degrees  ?  There  is  but  one  kind  of  conclusive 
evidence,  namely,  that  from  that  time  forth  no  living  Bacteria 
make  their  appearance  in  the  liquid,  supposing  it  to  be  prop- 
erly protected  from  the  intrusion  of  fresh  Bacteria,  The 
only  other  evidence,  that,  for  example,  which  may  be  fur- 
nished by  the  cessation  of  the  motion  of  the  Bacteria^  and 
such  slight  changes  as  our  microscopes  permit  us  to  observe 
in  their  optical  characters,  is  simply  presumptive  evidence  of 
death,  and  no  more  conclusive  than  the  stillness  and  paleness 
of  a  man  in  a  swoon  are  proof  that  he  is  dead.  And  the 
caution  is  the  more  necessary  in  the  case  of  Bacteria^  since 
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many  of  them  naturally  pass  a  considerable  part  of  their  ex- 
istence in  a  condition  in  which  they  show  no  marks  of  life 
whatever  save  growth  and  multiplication. 

If  indeed  it  could  be  proved  that,  in  cases  which  are  not 
open  to  doubt,  living  matter  is  always  and  invariably  killed 
at  precisely  the  same  temperature,  there  might  be  some 
ground  for  the  assumption  that,  in  those  which  are  obscure, 
death  must  take  place  under  the  same  circumstances.  But 
what  are  the  facts  ?  It  has  already  been  pointed  out  that, 
leaving  Bdcteria  aside,  the  range  of  high  temperatures  be- 
tween the  lowest,  at  which  some  living  things  are  certainly 
killed,  and  the  highest,  at  which  others  certainly  live,  is  rather 
more  than  100^  Fahr.,  that  is  to  say,  between  104^  Fahr.  and 
208^  Fahr.  It  makes  no  sort  of  difference  to  the  argument 
how  living  beings  have  come  to  be  able  to  bear  such  a  tem- 
perature as  the  last  mentioned  ;  the  fact  that  they  do  so  ia 
sufficient  to  prove  that,  under  certain  conditions,  such  a  tem- 
perature is  not  sufficient  to  destroy  life.^ 

Thus  it  appears  that  there  is  no  ground  for  the  assumption 
that  all  living  matter  is  killed  at  some  given  temperature  be- 
tween 104**  and  208**  Fahr. 

No  experimental  evidence  that  a  liquid  may  be  heated  to 
n  degrees,  and  yet  subsequently  give  rise  to  living  organisms, 
is  of  the  smallest  value  as  proof  that  abiogenesis  has  taken 
place,  and  for  two  reasons  :  Firstly,  there  is  no  proof  that 
organisms  of  the  kind  in  question  are  dead,  except  their  per- 
manent incapacity  to  grow  and  reproduce  their  kind  ;  and, 
secondly,  since  we  know  that  conditions  may  largely  modify 
the  power  of  resistance  of  such  organisms  to  heat,  it  is  far 
more  probable  that  such  conditions  existed  in  the  experiment 
in  question,  than  that  the  organisms  were  generated  afresh 
out  of  dead  matter. 

Not  only  is  the  kind  of  evidence  adduced  in  favor  of 
abiogenesis  logically  insufficient  to  furnish  proof  of  its  occur- 
rence, but  it  may  be  stated,  as  a  well-based  induction,  that 
the  more  careful  the  investigator,  and  the  more  complete  his 
mastery  over  the  endless  practical  difficulties  which  surround 
experimentation  on  this  subject,  the  more  certain  are  his  ex- 
periments to  give  a  negative  result ;  while  positive  results 
are  no  less  sure  to  crown  the  efforts  of  the  clumsy  and  the 
careless. 

>  Messrs.  Ballinger  and  Drysdale  have  recently  shown  ffood  g^unds  for 
believing  that  the  fferms  of  some  Monads  are  not  destroyed  by  exposure  to  a 
temperaliire  of  260r  Fahr.  or  even  800*  Fahr. 
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It  is  argued  that  a  belief  in  abiog^nesis  is  a  necessary 
corollary  from  the  doctrine  of  Evolution.  This  may  be  true 
of  the  occurrence  of  abiogenesis  at  some  time;  but  if  the 
present  day,  or  any  recorded  epoch  of  geological  time,  be  in 
question,  the  exact  contrary  holds  good.  If  all  liying  beings 
have  been  evolved  from  preexisting  forms  of  life,  it  is  enough 
that  a  single  particle  of  living  protoplasm  should  once  have 
appeared  on  the  globe,  as  the  result  of  no  matter  what  agency. 
In  the  eyes  of  a  consistent  evolutionist,  any  further  indepen- 
dent formation  of  protoplasm  would  be  sheer  waste. 

The  production  of  living  matter  since  the  time  of  its  first 
appearance,  only  by  wav  of  biogenesis,  implies  that  the  spe- 
cific forms  of  the  lower  kinds  of  life  have  undergone  but  little 
change  in  the  course  of  geological  time,  and  this  is  said  to  be 
inconsistent  with  the  doctrine  of  evolution.  But,  in  the  first 
place,  the  fact  is  not  inconsistent  with  the  doctrine  of  evolu- 
tion properly  understood,  that  doctrine  being  perfectly  con- 
sistent with  either  the  progression,  the  retrogression,  or  the 
stationary  condition,  of  any  particular  species  for  indefinite 
periods  of  time ;  and,  secondly,  if  it  were,  it  would  be  so  much 
the  worse  for  the  doctrine  of  evolution,  inasmuch  as  it  is  un- 
questionably true  that  certain,  even  highly-organized,  forms 
of  life  have  persisted  without  any  sensible  change  for  very 
long  periods.  The  Terebratula  psittacea  of  the  present  day, 
for  example,  is  not  distinguishable  from  that  of  the  Cretaceous 
epoch,  while  the  highly-organized  Teleostean  fish,  JBen/Xy  of 
the  Chalk,  differed  only  in  minute  specific  characters  from 
that  which  now  lives.  Is  it  seriously  suggested  that  the  ex- 
isting lerebratulm  and  Beryces  are  not  the  lineal  descendants 
of  their  Cretaceous  ancestors,  but  that  their  modem  repre- 
sentatives have  been  independently  developed  from  primoniial 
germs  in  the  interval  ?  But  if  this  is  too  fantastic  a  sugges- 
tion for  grave  consideration,  why  are  we  to  believe  that  the 
OlobigerincB  of  the  present  day  are  not  lineally  descended 
from  the  Cretaceous  forms  ?  And,  if  their  unchanged  genera- 
tions have  succeeded  one  another  for  all  the  enormous  time 
represented  by  the  deposition  of  the  Chalk  and  that  of  the 
Tertiary  and  Quaternary  deposits,  what  difficulty  is  there  in 
supposing  that  they  may  not  have  persisted  unchanged  for  a 
greatly  longer  period  ? 

The  fact  is,  that  at  the  present  moment  there  is  not  a 
shadow  of  trustworthy  direct  evidence  that  abiogenesis  does 
take  place,  or  has  taken  place,  within  the  period  during 
which  the  existence  of  life  on  the  globe  is  recorded.     But  it 
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need  hardly  be  pointed  out  that  the  fact  does  not  in  the 
slightest  degree  interfere  with  anj  conclusion  that  may  be 
arrived  at,  deductively,  from  other  considerations  that,  at 
some  time  or  other,  abiogenesis  must  have  taken  place. 

If  the  hypothesis  of  evolution  is  true,  living  matter  must 
have  arisen  from  not-living  matter  ;  for,  by  the  hypothesis, 
the  condition  of  the  globe  was  at  one  time  such  that  living 
matter  could  not  have  existed  in  it,'  life  being  entirely  in- 
compatible with  the  gaseous  state.  But,  living  matter  once 
originated,  there  is  no  necessity  for  another  origination,  since 
the  hypothesis  postulates  the  unlimited,  thou^  perhaps  not 
indefinite,  modifiability  of  such  matter. 

Of  the  causes  which  have  led  to  the  origination  of  living 
matter,  then,  it  may  be  said  that  we  know  absolutely  nothing. 
But  postulating  the  existence  of  living  matter  endowed  with 
that  power  of  hereditary  transmission,  and  with  that  tendency 
to  vary  which  is  found  in  all  such  matter,  Mr.  Darwin  has 
shown  good  reasons  for  believing  that  the  interaction  between 
living  matter  and  surrounding  conditions,  which  results  in 
the  survival  of  the  fittest,  is  sufficient  to  account  for  the 
gradual  evolution  of  plants  and  animals  from  their  simplest 
to  their  most  complicated  forms,  and  for  the  known  phe- 
nomena of  Morphology,  Physiology,  and  Distribution. 

Mr.  Darwin  has  further  endeavored  to  give  a  physical 
explanation  of  hereditary  transmission  by  his  hypothesis 
of  Pangenesis ;  while  he  seeks  for  the  principal,  if  not  the 
only  cause  of  variation  in  the  influence  of  changing  condi- 
tions. 

It  is  on  this  point  that  the  chief  divergence  exists  among 
those  who  accept  the  doctrine  of  evolution  in  its  general 
outlines.  Three  views  may  be  taken  of  the  causes  of  varia- 
tion : 

a.  In  virtue  of  its  molecular  structure,  the  organism  may 
tend  to  vary.  This  variability  may  either  be  indefinite,  or 
may  be  limited  to  certain  directions  by  intrinsic  conditions. 
In  the  former  case,  the  result  of  the  struggle  for  existence 
would  be  the  survival  of  the  fittest  among  an  inde6nite 
number  of  varieties;  in  the  latter  case,  it  would  be  the 
survival  of  the  fittest  among  a  certain  set  of  varieties,  the 

« It  makes  no  dlfTerenoe  If  we  adopt  Sir  W.  Thomson's  hvpothesls,  and 
suppose  that  the  germs  of  living  things  have  been  transported  to  our  globe 
from  some  other,  seeing  that  there  is  as  much  reason  for  supposing  that  all 
stellar  and  planetaiy  components  of  the  universe  are  or  have  been  gaseous,  as 
that  the  earth  has  ptased  through  this  stage. 
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nature  and  number  of  which  would  be  predetermined  bj  the 
molecular  structure  of  the  organism. 

b.  The  organism  may  have  no  intrinsio  tendency  to  vary, 
hut  variation  may  be  brought  about  by  the  influence  of  con- 
ditions external  to  it.  And  in  this  case,  also,  the  variability 
induced  may  be  either  indefinite  or  defined  by  intrinsic  limi- 
tation. 

c.  The  two  former  cases  may  be  combined,  and  variation 
may  to  some  extent  depend  upon  intrinsic,  and  to  some  ex- 
tent upon  extrinsic,  conditions. 

At  present  it  can  hardly  be  said  that  such  evidence  as 
would  justify  the  positive  adoption  of  any  one  of  these  views 
exists. 

*  If  all  living  beings  have  come  into  existence  by  the  gradual 
modification,  through  a  long  series  of  generations,  of  a  pri- 
mordial living  matter,  the  phenomena  of  embryonic  develop- 
ment ought  to  be  explicable  as  particular  cases  of  the  general 
law  of  hereditary  transmission.  On  this  view,  a  tadpole  is 
first  a  fish,  and  then  a  tailed  amphibian,  provided  with  both 
gills  and  lungs,  before  it  becomes  a  frog,  because  the  frog 
was  the  last  term  in  a  series  of  modifications  whereby  some 
anci(*nt  fish  became  a  urodele  amphibian;  and  the  urodele 
amphibian  became  an  anurous  amphibian.  In  fact,  the  de- 
velopment of  the  embryo  is  a  recapitulation  of  the  ancestral 
history  of  the  species. 

If  this  be  so,  it  follows  that  the  development  of  any 
organism  should  furnish  the  key  to  its  ancestral  history ;  and 
the  attempt  to  decipher  the  full  pedigree  of  organisms  from 
so  much  of  the  family  history  as  is  recorded  in  tneir  develop- 
ment has  given  rise  to  a  special  branch  of  biological  specula- 
tion, termed  phylogeny. 

In  practice,  however,  the  reconstruction  of  the  pedigree  of 
a  group  from  the  developmental  history  of  its  existing  mem- 
bers is  fraught  with  difficulties.  It  is  highly  probable  that 
the  series  of  developmental  stages  of  the  individual  organism 
never  presents  more  than  an  abbreviated  and  condensed  sum- 
mary of  ancestral  conditions;  while  this  summary  is  often 
strangely  modified  by  variation  and  adaptation  to  conditions ; 
and  it  must  be  confessed  that,  in  most  cases,  we  can  do  little 
better  than  guess  what  is  genuine  recapitulation  of  ancestral 
forms,  and  what  is  the  effect  of  comparatively  late  adapta- 
tion. 

The  only  perfectly  safe  foundation  for  the  doctrine  of  evolu- 
tion lies  in  the  historical,  or  rather  archaeological,  evidence 
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that  particular  orgaDisms  have  arisen  by  the  gradual  modifi- 
cation of  their  predecessors,  which  is  furnished  by  fossil 
remains.  That  evidence  is  daily  increasing  in  amount  and  in 
weight;  and  it  is  to  be  hoped  that  the  comparison  of  the 
actual  pedigree  of  these  organisms  with  the  phenomena  of 
their  development  may  furnish  some  criterion  by  which  the 
validity  of  phylogenetic  conclusions,  deduced  from  the  facts 
of  embryology  alone,  may  be  satisfactorily  tested. 


] 


CHAPTER  I. 

I. — ^THE   DISTINCTIVE   CHARACTERS    OF  ANIMALS. 

The  more  complicated  forms  of  the  living  things,  the 
general  characters  of  which  have  now  been  discussed,  ap]>ear 
to  be  readily  distinguishable  into  widely-separated  groups, 
animals,  and  plants.  The  latter  have  no  power  of  locomo- 
tion, and  only  rarely  exhibit  any  distinct  movement  of  their 
parts  when  these  are  irritated,  mechanically  or  otherwise. 
They  are  devoid  of  any  digestive  cavity;  and  the  matters 
which  serve  as  their  nutriment  are  absorbed  in  the  gaseous 
and  fluid  state.  Ordinary  animals,  on  the  contrary,  not  only 
possess  conspicuous  locomotive  activity,  but  their  parts 
readily  alter  their  form  or  position  when  irritated.  Their 
nutriment,  consisting  of  other  animals  or  of  plants,  is  taken 
in  the  solid  form  into  a  digestive  cavity. 

But  even  without  descending  to  the  very  lowest  forms  of 
animals  and  plants,  we  meet  with  facts  which  weaken  the 
force  of  these  apparently  broad  distinctions.  Among  animals, 
a  coral  or  an  oyster  is  as  incapable  of  locomotion  as  an  oak ; 
and  a  tape-worm  feeds  by  imbibition  and  not  by  the  ingestion 
of  solid  matter.  On  the  other  hand,  the  Sensitive-Plant  and 
the  Sundew  exhibit  movements  on  irritation,  and  the  recent 
observations  of  Mr.  Darwin  and  others  leave  little  doubt  that 
the  so-called  "  insectivorous  plants  "  really  digest  and  assimi- 
late the  nutritive  matters  contained  in  the  living  animals 
which  they  catch  and  destroy.  All  the  higher  animals  are 
dependent  for  the  protein  compounds  which  they  contain 
upon  other  animals  or  upon  plants.  They  are  unable  to  man- 
ufacture protein  out  of  simpler  substances;  and,  although 
positive  proof  is  wanting  that  this  incapacity  extends  to  all 
animals,  it  may  safely  be  assumed  to  exist  in  all  those  forms 
of  animal  life  which  take  in  solid  nutriment,  or  which  live 
parasitically  on  other  animals  or  plants,  in  situations  in  which 
they  are  provided  with  abundant  supplies  of  protein  in  a 
dissolved  state.  * 
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The  great  majority  of  the  higher  plants,  on  the  contrary, 
are  able  to  manufacture  protein  when  supplied  with  carbonic 
acid,  ammoniacal  salts,  water,  and  sundry  mineral  phosphates 
and  sulphates,  obtaining  the  carbon  which  they  require  by 
the  decomposition  of  the  carbonic  acid,  the  oxygen  of  which 
is  disengaged.  One  essential  factor  in  the  performance  of 
this  remarkable  chemical  process  is  the  chlorophyll  which 
these  plants  contain,  and  another  is  the  sun's  light. 

Certain  animals  {Infusoria,  Codenterata,  TurbeUaria) 
possess  chlorophyll,  but  there  is  no  evidence  to  show  what 
part  it  plays  in  their  economy.  Some  of  the  higher  plants 
when  parasitic,  and  a  great  group  of  the  lower  plants,  the 
Fungi  (which  may  be  parasitic  or  not),  are,  however,  devoid 
of  chlorophyll,  and  are  consequently  totally  unable  to  derive 
the  carbon  which  they  need  from  carbonic  acid.  Nevertheless 
they  are  sharply  distinguished  from  animals,  inasmuch  as  they 
are  still,  for  the  most  part,  manufacturers  of  protein.  Thus 
Buch  a  Fungus  as  Penicitlium  is  able  to  fabricate  all  the  con- 
stituents of  its  body. out  of  ammonium  tartrate,  sulphate,  and 
phosphate,  dissolved  in  water  (see  supra,  p.  14,  note) ;  and 
the  yeast-plant  flourishes  and  multiplies  with  exceeding  rapid- 
ity in  water  containing  sugar,  ammonium  tartrate,  potassium 
phosphate,  calcium  phosphate,  and  magnesium  sulphate. 

Nevertheless,  the  experiments  of  Mayer  have  shown  that 
when  peptones  are  substituted  for  the  ammonium  tartrate, 
the  nutrition  of  the  yeast-plant  is  favored  instead  of  being 
impeded.  So  that  it  would  seem  that  the  yeast-plant  is  able 
to  take  in  protein  compounds  and  assimilate  them,  as  if  it 
were  an  animal  ;  and  there  can  be  no  reasonable  doubt  that 
many  parasitiq  Fungi,  such  as  the  Botrytis  Banana  of  the 
silk-worm  catermllar,  the  Mnpusa  of  the  house-fly,  and,  very 
probably,  the  Peronospora  of  the  potato-plant,  directly  as- 
similate the  protein  substances  contained  in  the  bodies  of  the 
plants  and  animals  which  they  infest  ;  nor  is  it  clear  that 
these  Fungi  are  able  to  maintain  themselves  upon  less  fully 
elaborated  nutriment. 

Cellulose,  amyloid,  and  saccharine  compounds  were  former- 
ly supposed  to  be  characteristically  vegetable  products  ;  but 
cellulose  is  found  in  the  tests  of  Ascidians ;  and  amyloid  and 
saccharine  matters  are  of  very  wide,  if  not  universal,  occur- 
rence in  animals. 

And  on  taking  a  comprehensive  survey  of  the  whole  ani- 
mal and  vegetable  worlds,  the  test  of  locomotion  breaks  down 
as  completely  as  does  that  of  nutrition.     For  it  is  the  rule 
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rather  than  the  exception  among  the  lowest  plants,  that  at 
one  stage  or  other  of  their  existence  they  should  be  actively 
locomotive,  their  motor  organs  being  usually  cUifi^  altogether 
similar  in  character  and  function  to  the  motor  organs  of  the 
lowest  animals.  Moreover,  the  protoplasmic  substance  of  the 
body  in  many  of  these  plants  exhibits  rhjrthmically  pulsating 
spaces  or  contrtzctUe  vacuoles  of  the  same  nature  as  those 
characteristic  of  so  many  animals. 

No  better  illustration  of  the  impossibility  of  drawing  any 
sharply-deBned  distinction  between  animals  and  plants  can  be 
found  than  that  which  is  supplied  by  the  history  of  what  are 
commonly  termed  "  Monads." 

The  name  of  ''  Monad " '  has  been  commonly  applied  to 
minute  free  or  fixed,  rounded  or  oval  bodies,  provided  with 
one  or  more  long  cilia  {flagellar  and  usually  provided  with 
a  nucleus  and  a  contractile  vacuole.  Of  such  bodies,  all  of 
which  would  properly  come  under  the  old  group  of  Mbnadi" 
dcBy  the  history  of  a  few  has  been  completely  worked  out ; 
and  the  result  is  that,  while  some  (e.  ^.,  C/Uamt/domanas^ 
zoospores  of  Peronospora  and  Coleocnoete)  are  locomotive 
conditions  of  indubitable  plants,  others  (JRadiolariay  N^octU 
luca)  are  embryonic  conditions  of  as  indubitable  animals. 
Yet  others  (zoospores  of  Myxomycetes)  are  embryonic  forms 
of  organisms  which  appear  to  be  as  much  animals  as  plants  ; 
inasmuch  as  in  one  condition  they  take  in  solid  nutriment, 
and  in  another  have  the  special  morphological,  if  not  physio- 
logical peculiarities  of  plants ;  while,  lastly,  in  the  case  of 
such  monads  as  those  recently  so  carefully  studied  by  Messrs. 
Dallinger  and  Drysdale,  the  morphological  characters  of  which 
are  on  the  whole  animal,  while  their  mode  of  putrition  is  un- 
known, it  is  impossible  to  say  whether  they  should  be  regarded 
as  animals  or  as  plants. 

Thus,  traced  down  to  their  lowest  terms,  the  series  of 
plant  forms  gradually  lose  more  and  more  of  their  distinctive 
vegetable  features,  while  the  series  of  animal  forms  part  with 
more  and  more  of  their  distinctive  animal  characters,  and  the 
two  series  converge  to  a  common  term.  The  most  character- 
istic morphological  peculiarity  of  the  plant  is  the  investment 
of  each  of  its  component  cells  by  a  sac,  the  walls  of  which 
contain  cellulose,  or  some  closely  analogous  compound  ;  and 

i  0.  F.  Mtlllor,  "  Hiatoria  Vermium,"  1778.    "  Vennis  InoonspicuuB,  sim- 
plidssimus,  pelluoidoa,  punctifonDis/' 
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the  most  characteristic  physiological  peculiarity  of  the  plant 
is  its  power  of  manufacturing  protein  from  chemical  com- 
pounds of  a  less  complex  nature. 

The  most  characteristic  morphological  peculiarity  of  the 
animal  is  the  absence  of  any  such  cellulose  investment/  The 
most  characteristic  physiological  peculiarity  of  the  animal  is 
its  want  of  power  to  manufacture  protein  out  of  simpler 
compounds. 

The  great  majority  of  living  things  are  at  once  referable 
to  one  of  the  two  categories  thus  defined  ;  but  there  are  some 
in  which  the  presence  of  one  or  other  characteristic  mark 
cannot  be  ascertained,  and  others  which  appear  at  different 
periods  of  their  existence  to  belong  to  different  categories. 

11. — THK  MORPHOLOGICAL   DIFFEBENTIATION   OF  ANIMALS. 

The  simplest  form  of  animal  life  imaginable  would  be  a 
protoplasmic  body,  devoid  of  motility,  maintaining  itself  by 
the  ingestion  of  such  proteinaceous,  fatty,  amyloid,  and  min- 
eral matters  as  might  be  brought  into  contact  with  it  by  ex- 
ternal agencies ;  and  increasing  by  simple  extension  of  its 
mass.  But  no  animal  of  this  degree  of  simplicity  is  known 
to  exist.  The  very  humblest  animals  with  which  we  are  ac- 
quainted exhibit  contractility,  and  not  only  increase  in  size, 
but,  as  they  grow,  divide,  and  thus  undergo  multiplication. 
In  the  simplest  known  animals — the  J^otozoa — the  proto- 
plasmic substance  of  the  body  does  not  become  differentiated 
into  discrete  nucleated  masses  cr  cells,  which  by  their  meta- 
morphosis give  rise  to  the  different  tissues  of  which  the  adult 
body  is  composed.  And,  in  the  lowest  of  the  Protozoa^  the 
body  has  neither  a  constant  form  nor  any  further  distinction 
of  parts  than  a  greater  density  of  the  peripheral,  as  com- 
pared with  the  central,  part  of  the  protoplasm.  The  first 
steps  in  complication  are  the  appearance  of  one  or  more 
rhythmically  contractile  vacuoles,  such  as  are  found  in  some 
of  the  lower  plants  ;  and  the  segregation  of  part  of  the  in- 

>  No  analvsifl  of  the  Bubstance  composing  the  cysts  in  which  so  many  of  the 
I^r€i<moa  inclose  themselves  temporarily  has  yet  been  made.  But  it  is  not  im- 
probable that  it  may  be  analogous  to  chiUn  /  and,  if  so,  it  is  worthy  of  remark 
that,  though  chitin  is  a  nitrogenous  body,  it  readily  yields  a  substance  appar^ 
ently  identical  with  cellulose  when  heated  with  the  double  hyposulphite  of 
copper  and  ammonia.  It  is  possible,  therefore,  that  the  difference  between 
the  chitinous  investment  of  an  animal  and  the  cellulose  investment  of  a  plant 
may  depend  upon  the  proportion  of  nitrogenous  matter  which  is  present  in 
eacn  case  La  addition  to  the  chitiu. 
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terior  protoplasm  as  a  rounded  mass,  the  ^*  endoplast  **  or 
^'nucleus/'  Other  Protozoa  advance  further  and  acquire 
permanent  locomotive  organs.  These  may  be  developed 
only  c>n  one  part  of  the  surface  of  the  body,  which  may  be 
modified  into  a  special  organ  for  their  support.  In  some,  a 
pedicle  of  attachment  is  formed,  and  the  body  may  acquire  a 
dense  envelope  {Infusoria)^  or  secrete  an  internal  skeleton  of 
calcareous  or  silicious  matter  (Foraminifercty  J^tidiolaria)^  or 
fabricate  such  a  skeleton  by  gluing  together  extraneous  par- 
ticles {Foraminifera), 

A  mouth  and  gullet,  with  an  anal  aperture,  may  be  formed, 
and  the  permeable  soft  central  portion  of  the  protoplasm  may 
l>o  so  limited  as  to  give  rise  to  a  virtual  alimentary  tract  be- 
tween these  two  apertures.  The  contractile  vacuole  may  be 
developed  into  a  complicated  system  of  canals  (Paramceei- 
um)^  and  the  endoplast  may  take  on  more  and  more  definite- 
ly the  characters  of  a  reproductive  organ,  that  is,  may  be  the 
focus  of  origin  of  germs  capable  of  reproducing  the  individ- 
ual (  Vbrticdla),  In  fact,  rudiments  of  all  the  chief  system 
of  organs  of  the  higher  animals,  with  the  exception,  more  or 
less  doubtful,  of  the  nervous,  are  thus  sketched  out  in  the 
Protozoa^  just  as  the  organs  of  the  higher  plants  are  sketched 
out  in  Caulerpa. 

In  the  Metazoay  which  constitute  the  rest  of  the  animal 
kingdom,  the  animal,  in  its  earliest  condition,  is  a  protoplas- 
mic mass  with  a  nucleus — is,  in  short,  a  Protozoon.  But  it 
never  acquires  the  morphological  complexity  of  its  adult  state 
by  the  direct  metamorphosis  of  the  protoplasmic  matter  of 
this  nucleated  body — the  ovum — into  the  different  tissues. 
On  the  contrary,  the  first  step  in  the  development  of  all  the 
Metazoa  is  the  conversion  of  the  single  nucleated  body  into 
an  aggregation  of  such  bodies  of  smaller  size — the  Morula — 
by  a  process  of  division,  which  usually  takes  place  with  great 
regularity,  the  ovum  dividing  first  into  two  segments,  which 
then  subdivide,  giving  rise  to  four,  eight,  sixteen,  etc., 
portions,  which  are  the  so-called  division  masses  or  hlasto- 
meres. 

A  similar  process  takes  place  in  sundry  Protozoa  and  gives 
riic  to  a  protozoic  aggregate,  which  is  strictly  comparable  to 
the  Morula,  But  the  members  of  the  protozoic  aggregate 
become  separate,  or  at  any  rate  independent  existences. 
What  distinguishes  the  metazoic  aggregate  is  that,  though  its 
component  blastomeres  also  retain  a  certain  degree  of  physi- 
ological independence,  they  remain  united  into  one  morpho- 
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lo^cal  whole,  and  theJr  several  metamorphoses  are  so  ordered 
and  related  to  one  another  that  they  constitute  members  of  a 
mutual Ij-  dependent  commonalty. 

The  Metaxoa  are  the  only  aoimata  which  fall  under  com- 
mon observation,  and  have  therefore  been  known  from  the 
earliest  times.  All  the  higher  languages  possess  general 
names  equivalent  to  our  beast,  bird,  reptile,  fish,  insect,  and 
worm  ;  and  this  shows  the  very  early  perception  of  the  fact 
that,  notwithstanding  the  wonderful  diversity  of  animal  forms, 
they  are  modeled  upon  comparatively  few  great  types. 

1q  the  middle  of  the  last  century  the  founder  of  modem 
Taxonomy,  Linnteus,  distinguished  aoimals  ioto  Mammalia, 
A.ve»,  Amphibia,  PUces,  Jusecla,  and  Vermes,  that  is  to  say, 
he  converted  common-sentie  into  science  by  defining  and  giv- 
ing precision  to  the  rough  distinctions  arrived  at  by  ordinary 
observation. 

At  the  end  of  the  century,  Lamarck  made  a  most  impor' 
taut  advance  in  general  morphology,  by  pointing  out  that 
mammals,  birds,  reptiles,  and  fishes,  are  formed  upon  one  tj/pe 
or  eommonplan,  the  essential  character  of  which  is  the  pos- 
session of  a  spinal  column,  interposed  between  a  cerebro-spi- 
nal  and  a  visceral  cavity ;  and  that  in  no  other  animals  is  the 
same  plan  of  construction  to  be  discerned.  Hence  he  drew  a 
broad  distinction  between  the  former  and  the  latter,  as  the 
Vbktbbrata  and  the  Invbrtebrata.  But  the  advance  of 
knowledge  respecting  the  structure  of  invertebrated  animals, 
due  chiefly  to  Swammerdam,  Trembley,  Rfiaumur,  Peysaonel, 
Goeze,  Roesel,  Ellis,  Fabriciua,  O.  F.  MuUer,  Lyonet,  Pallas, 
and  Cnvier,  speedily  proved  that  the  Invertehrata  are  not 
framed  upon  one  fundamental  plan,  but  upon  several ;  and, 
in  1795,  Cuvier'  showed  that,  at  fewest,  three  morphological 
types,  as  distinct  from  one  another  as  they  are  from  that  of 
the  vertebrated  animals,  are  distinguishable  among  the  In- 
vert^rata.  These  he  named — I.  Molliisques  ;  II.  Insectes  et 
Vers;  III.  Zoophytes.  In  the  "Rigne  animal"  (1816),  those 
terms  are  Latinized,  Animalia  Mollusca,  Articttlata,  and  Jia- 
diata.  Thus,  says  Cuvier  :  "  It  will  be  found  that  there  ex- 
ist four  principal  forms,  four  general  plans,  if  it  may  thus  be 
expressed,  on  which  all  animals  appear  to  have  been  modeled  ; 
and  the  ulterior  divisions  of  which,  under  whatever  title  natu- 
ralists may  have  designated  tfaem,  are  merely  slight  modifica- 
tions, founded  on  the  development  or  addition  of  certain  parts, 

>  Tablem  AfmeDUire  da  I'HUtoite  dea  Animaux.    Ad  tL 
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These  four  common  plans  are  those  of  the  VertebrcUGj  the  Mo^ 
luscay  the  Articulata^  and  the  JicuHataJ^^ 

For  extent,  variety,  and  exactness  of  knowledge,  Cuvier 
was,  beyond  all  comparison,  the  greatest  anatomist  who  has 
ever  lived ;  but  the  absence  of  two  conditions  rendered  it 
impossible  that  his  survey  of  the  animal  kingdom  should  be 
exhaustive,  grand  and  comprehensive  as  it  was. 

Up  to  the  time  of  Cuvier's  death  in  1832,  microscopic  in- 
vestigation was  in  its  infancy,  and  hence  the  great  majority 
of  the  lowest  forms  were  either  unknown^or  little  understood; 
and  it  was  only  in  the  third  decade  of  the  present  century 
that  Rathke,  DoUinger,  and  Von  Baer,  commenced  that  won- 
derful series  of  exact  researches  into  embryology  which  Von 
Baer  organized  into  a  special  branch  of  morphology,  develop- 
ing all  its  most  important  consequences  and  raising  it  to  its 
proper  position,  as  the  criterion  of  morphological  theories. 

Upon  embryological  grounds  Von  Baer  arrived  at  the 
same  conclusion  as  Cuvier,  that  there  are  four  common  plans 
of  animal  structure. 

In  the  course  of  the  last  half-century  the  activity  of  anat- 
omists and  embryologists  has  been  prodigious,  and  it  may 
be  reasonably  doubted  whether  any  form  of  animal  life  re- 
mains to  be  discovered  which  will  not  be  found  to  accord 
with  one  or  other  of  the  common  plans  now  known.  But  at 
the  same  time  this  increase  of  knowledge  has  abolished  the 
broad  lines  of  dcmarkation  which  formerly  appeared  to  sepa- 
rate one  common  plan  from  another. 

Even  the  hiatus  between  the  Vertehrata  and  the  Tnver- 
tebrata  is  partly,  if  not  wholly,  bridged  over;  and  though 
among  the  Invertebrata  there  is  no  difficulty  in  distinguish- 
ing the  more  completely  diflferentiated  representatives  of 
such  types  or  common  plans  as  those  of  the  Arthropoda^  the 
Annelida^  the  Mollusca^  the  Tunicata^  the  JEchinodermata^ 
the  CoelentercUa,  and  the  Porifera^  yet  every  year  brings 
forth  fresh  evidence  to  the  effect  that,  just  as  the  plan  of  the 
plant  is  not  absolutely  distinct  from  that  of  the  animal,  so 
that  of  the  Vertebrate  has  its  points  of  community  with  that 
of  certain  of  the  Invertebrates ;  that  the  Arthropod,  the  Mol- 
lusk,  and  the  Echinoderm  plans  are  united  by  that  of  the 
lower  worms ;  and  that  the  plan  of  the  latter  is  separated  by 
no  very  great  differences  from  that  of  the  Coelenterate  and 
that  of  the  Sponge. 

Whatever  speculative  views  may  be  held  or  rejected  as  to 
the  origin  of  the  diversities  of  animal  form,  the  iacts  of  anat- 
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onoy  4nd  development  compel  the  morphologist  to  regard 
the  whole  of  the  Melasoa  as  modilicationB  of  one  actual  or 
ideal  primitive  type,  which  is  a  sac  with  a  double  cellular 
wall,  inclosing  a  ceotral  cavity  and  open  at  one  end.  This  is 
what  Haeckerterms  a  GastrtEo.  The  inner  wall  of  the  sac  is 
the  hypoblast  (endoderm  of  the  adult),  the  outer  the  epiblast 
(eetoderm).  Between  the  two,  in  all  but  the  very  lowest 
MetazoB,  a  third  layer,  the  roeeoblast  [mesoderm  of  the  adult), 
makes  its  appearancs. 

In  the  Port/era,  the  terminal  aperture  of  the  gaftrtea 
becomes  the  egestire  opening  of  the  adult  animal,  and  the 
ingestive  apertures  are  numerous  secondary  pore-like  aper- 
tures formed  by  the  separation  of  adjacent  cells  of  the  ec- 
toderm and  endoderm.  The  body  may  become  variously 
bmncbed,  a  fibrous  or  spioular  endoskeleton  is  usually  de- 
veloped in  the  ectoderm,  and  no  perivisceral  cavity  ia  de- 
veloped. There  are  no  appendages  for  locomotion  or  pre- 
hension ;  no  nervous  system  nor  sensory  organs  are  known  to 
exist;  nor  are  there  any  circulatory,  respiratory,  renal,  or 
generative  organs. 

In  the  Ccetenterata,  the  terminal  aperture  of  the  gastr^a 
becomes  tbe  mouth,  and,  if  pores  perforate  the  body-walls, 
they  do  not  subserve  tbe  ingestion  of  food.  There  is  no  sep- 
arate perivisoeral  cavity,  but,  in  many,  an  enteroccele  or  sys- 
tem of  cavities,  continuous  with,  but  more  or  less  separate 
from,  the  digestive  cavity,  extends  through  the  body.  Pre- 
hensile appendages,  tentacuia,  are  developed  in  great  variety. 
A  chitinous  exoskeleton  appears  in  some,  a  calcareous  or  chit* 
inouB  endoskeleton  in  others.  There  are  no  circulatory,  re- 
spiratory, or  renal  organs  (though  it  is  possible  that  certain 
cells  in  the  Porpitm,  e.  g.,  may  have  a  uropoietic  function); 
bnt  special  genital  organs  make  their  appearance,  as  do  a 
deBnitely-arranged  nervous  system  and  organs  of  sense. 

The  lowest  Tarbellaria  are  on  nearly  the  same  grade  of 
organization  as  the  lower  Ccetenterata,  but  the  thick  meso- 
derm is  traversed  by  canals  which  constitute  a  water-vascular 
sjfMan.  In  tbe  adult  state  these  canals  open,  on  the  one  side, 
into  tbe  interstices  of  the  mesodermal  tissues,  and,  on  the 
other,  communioate  with  the  exterior.  Their  analogy  to  the 
oontractile  vacuoles  of  the  Infusoria  on  the  one  hand,  and  to 
tbe  segmental  organs  of  the  Annelids  on  the  other,  lead  mo 
to  think  that  they  are  formed  by  a  splitting  of  the  mesoblast, 
and  that  they  thus  represent  that  form  of  perivisceral  cavity 
whiob  I  have  termed  a  'cAtzoceefe.     A  nervous  system,  ooa- 
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fiifltinff  of  a  single  or  doable  gmnglioQ  with  two  pdncipal  kMi- 
gitudmal  nerre-cords,  is  foond  in  mmmj  ;  and  there  maj  be 
eyes  and  auditory  sacs. 

Upon  this  foundation  a  gradoal  compliotion  of  form  is 
based,  brought  about  by — 

1.  The  elongation  of  the  bilaterally  aymoietriol  body  and 
the  formation  of  a  chitinoos  exoskeleton. 

2.  The  development  of  a  secondary  apertoze  near  the  an- 
tf^rior  end  of  the  lx>dy,  which  becomes  the  pennanent  month. 

3.  l*he  division  of  the  mesobUst  into  snooessiTe  segments 

4.  The  development  of  two  nervous  gan^ia  in  each  somite. 

5.  The  outgrowth  of  a  pair  of  appendages  from  each  so- 
mite, and  their  segmentation. 

C.  The  gradual  specialization  of  the  somites  into  cephalic^ 
thoracic  and  abdominal  groups  ;  and  that  of  their  appendages 
into  »ense  organs,  jaws,  locomotive  limbs,  and  respiratory  or- 
gans. 

7.  The  conversion  of  the  schizocoele  into  a  spacious  peri- 
vinceral  cavity  containing  blood ;  the  reduction  of  the  water- 
vaHcular  system,  and  the  appearance  of  pseudo-haemal  vessels ; 
and  the  replacement  of  these,  in  the  higher  forms,  by  a  heart, 
arteries,  and  veins,  which  contain  blood. 

8.  The  conversion  of  the  simple  inner  sac  of  the  gastrsea 
into  a  highly-complex  alimentary  canal,  with  special  ^andu- 
lar  appendages,  representing  the  liver  and  the  kidneys. 

$).  A  similar  difTcrentiation  of  the  genital  apparatus. 

10.  A  gradual  complication  of  the  eye,  which,  in  its  most 
perfect  form,  presents  a  series  of  crystal-clear  conical  rods, 
disposed  perpendicularly  to  the  transparent  corneal  region 
of  the  ehitinous  exoskeleton,  and  connected  by  their  inner 
ends  with  the  optic  nerves  of  the  prse-oesophageal  ganglia. 

By  such  modifications  as  these  the  plan  of  the  simple 
Turbfllarian  gradually  passes  into  that  of  the  highest  Ar- 
thropod. 

IStarting  from  the  same  point,  if  the  mesoblast  does  not 
become  distinctly  segmented  ;  if  few,  probably  not  more 
than  three,  pairs  of  ganglia  are  formed  ;  if  there  are  no  seg^ 
mentod  appendages,  but  the  chief  locomotive  organ  is  a  mus- 
cular foot  developed  in  the  neural  aspect  of  the  body ;  if,  in 
the  place  of  the  ehitinous  exoskeleton,  a  shell  is  secreted  by 
a  specially  modified  part  of  the  hsemal  wall  termed  the  man- 
tle ;  if  the  schizocoele  is  converted  into  a  blood-cavitv,  which 
communicates  with  the  exterior  by  an  organ  of  Bojanus,  which 
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appears  to  represent  the  WBter-vascular  system  aod  the  seg- 
mental orgftns  ;  snd  if,  Blong  witli  these  changes,  the  aliment- 
anr,  circulatory,  respiratory,  geoital,  and  sensory  organs  take 
OD  special  characters,  we  arrive  at  the  complete  MoUuscan 
plan. 

From  the  Turbellarian  to  the  Tunicate,  or  Ascidian,  the 
passage  is  indicated,  if  not  effected,  by  £alanoglowua,yiiach, 
in  its  larval  state,  is  comparable  to  an  Appendicuiaria  with- 
ont  its  caudal  appendage.  On  the  other  hand,  the  large 
pharynx  of  the  Tunicata  and  the  circle  of  tentacula  around 
the  oral  aperture,  with  the  single  ganglion,  approximate  them 
to  the  Polyzoa.  In  the  perforation  of  the  pharynx  by  lateral 
apertures,  which  communicate  with  the  exterior,  either  di- 
rectly or  by  the  intermediation  of  an  atrial  cavity,  the  7'unt- 
cata  resemble  only  Jialanogloettu  and  the  Veriebrata.  The 
axial  skeleton  of  the  caudal  appendage  has  no  parallel  except 
in  the  vertebrate  notochord.  In  the  structure  of  the  heart 
and  the  re^lar  reversal  of  the  direction  of  its  contractions, 
the  Tunicata  stand  alone.  The  general  presence  of  a  test 
solidified  by  cellulose  is  a  marked  peculuirity,  but  in  esti- 
mating its  apparent  singularity  the  existence  of  cellulose  as 
a  constituent  of  chitin  musLbe  remembered.  Finally,  the 
tadpole-like  Ibtvib  of  many  Ascidians  are  comparable  only  to 
the  Cercaria  of  Trematodes,  on  the  one  hand,  and  to  ver- 
tebrate larval  forms  on  the  other. 

Yet  another  apparently  very  distinct  type  is  met  with  iu 
the  extensive  group  of  the  JEchinodermata. 

In  all  the  other  Metazoa,  except  the  Porifera  and  Ccelfn- 
terata,  the  plan  of  the  body  is,  obviously,  bilaterally  sym- 
metrical, the  halves  of  tbe  body  on  each  side  of  a  median  ver- 
tical plane  being  similar.  Any  disturbance  of  this  symmetir, 
such  as  is  found  in  some  Arthropoda  and  iti  many  MoUutca, 
arises  from  the  predominant  development  of  one  half.  But, 
in  a  Sea-urchin  or  Starfish,  five  or  more  similar  sets  of  parts 
are  disposed  around  a  longitudinal  axis,  which  has  the  mouth 
at  one  end  and  the  anus  at  the  other  ;  there  is  a  radial  sym- 
metry, as  in  a  sea-anemone  or  a  Ctenophorao.  Nevertheless, 
close  observation  shows  that,  as  is  also  the  case  in  the  Actinia 
or  Ctenophoran,  this  radial  symmetry  is  never  perfect,  and 
that  the  body  is  really  bilaterally  symmetrical  in  relation  to 
«  median  plane  which  traverses  tbe  centre  of  length  of  one 
of  the  radiating  metameres. 

Another  marked  peooliarity  of  the  Eohinoderm  type  is 
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tho  general,  if  not  universal,  presence  of  a  system  of  ^am- 
bulacral  vessels''  consisting  of  a  circular  canal  arouiid  the 
mouth,  whence  canals  usualTj  arise  and  follow  the  middle  line 
of  each  of  tho  ambulacral  metameres.  And,  in  the  typical 
Echinoderm,  these  canals  give  off  prolongations  which  enter 
certain  diverticula  of  the  body-waU,  ihepediods  or  suokers. 

All  Echinoderms  have  a  calcareous  endoskeleton. 

In  the  chapter  allotted  to  these  animals,  it  will  be  showo 
that  they  arc  modifications  of  the  TurbelUrian  type,  brought 
about  by  a  singular  series  of  changes  undergone  by  the  endo- 
dcrm  and  mesoderm  of  the  larva  or  E«cbinop<Bdiunu 


III. — THE  PHYSIOLOGICAL  DIFFEBENTIATION  OF  ANIMALS,  AND 
THE  MORPHOLOGICAL  DIFFERENTIATION  OF  THBIB  ORGANS. 

Regarded  as  machines  for  doing  certain  kinds  of  wori^ 
animals  differ  from  one  another  in  the  extent  to  which  this 
work  is  subdivided.  Each  subordinate  group  of  actions  or 
/unctions  is  allotted  to  a  particular  portion  of  the  body,  which 
thus  becomes  the  organ  of  those  functions  ;  and  the  extent 
to  which  this  division  of  physiological  labor  is  carried  differs 
in  degree  within  the  limits  of  each  common  plan,  and  is  the 
chief  cause  of  the  diversity  in  the  working  out  of  the  common 
plan  of  a  group  exhibited  by  its  members.  Moreover,  there 
are  certain  types  which  never  attain  the  same  degree  of  physi- 
ological differentiation  as  others  do. 

Thus,  some  of  the  Protozoa  attain  a  grade  of  physiological 
complexity  as  high  as  that  which  is  reached  by  the  lower  Me- 
tazoa.  And,  notwithstanding  the  multiplicity  of  its  parts,  no 
Echinoderm  is  so  highly  differentiated  a  physiological  ma- 
chine as  is  a  snail. 

A  mill  with  ten  pairs  of  millstones  need  not  be  a  more 
complicated  machine  than  a  mill  with  one  pair ;  but  if  a  mill 
have  two  pairs  of  millstones,  one  for  coarse  and  one  for  fine 
grinding,  so  arranged  that  the  substance  ground  passes  from 
one  to  the  other,  then  it  is  a  more  complicated  machine — a 
machine  of  higher  order — than  that  with  ten  pairs  of  similar 
grindstones.  In  other  words,  it  is  not  more  multiplication  of 
organs  which  constitutes  physiological  differentiation  ;  but 
the  multiplication  of  organs  for  different  functions  in  the  first 
place,  and  the  degree  in  which  they  arc  coordinated,  so  as  to 
work  to  a  common  end,  in  the  second  place.  Thus,  a  lobster 
is  a  higher  animal,  from  a  physiological  point  of  view,  than  a 
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CyclopSj  not  because  it  has  more  distinguishable  organs,  but 
because  these  organs  are  so  modified  as  to  perform  a  much 
greater  variety  of  functions,  while  they  are  all  coordinated 
toward  the  maintenance  of  the  animal,  by  its  well -developed 
nervous  system  and  sense-organs.  But  it  is  impossible  to  say 
that,  e.  g.,  the  Arthropoda^  as  a  whole,  are  physiologically 
higher  than  the  MbUuscOy  inasmuch  as  the  simplest  embodi- 
ments of  the  common  plan  of  the  Arthropoda  are  less  differ- 
entiated physiologically  than  the  great  majority  of  Mollusks. 
I  may  now  rapidly  indicate  the  mode  in  which  physiologi- 
cal differentiation  is  effected  in  the  different  groups  of  organs 
of  the  body  among  the  Metazoa. 

Integumentary  Organs, — In  the  lowest  Metazoa^  the  integ- 
ument and  the  ectoderm  are  identical,  but,  so  soon  as  a  mes- 
oderm is  developed,  the  layer  of  the  mesoderm  which  is  in 
contact  with  the  ectoderm  becomes  virtually  part  of  the  in- 
tegument, and  in  all  the  higher  animals  is  distinguished  as 
the  dermis  (enderon)^  while  the  ectodermal  cells  constitute 
the  epidermis  (ecderon).  The  connective  tissue  and  muscles 
of  the  integument  are  exclusively  developed  in  the  enderon  ; 
while,  from  the  epidermis,  all  cuticular  and  cellular  exoskele- 
tal  parts,  and  all  the  integumentary  glands,  are  developed. 
The  latter  are  always  involutions  of  the  epidermis.  The  hard 
protective  skeletons  in  all  invertebrate  Metazoa^  except  the 
Porifera^  the  Actinozoa^  the  Echinodermata^  and  the  Iktiii- 
catOy  are  cuticular  structures,  which  may  be  variously  impreg- 
nated with  calcareous  salts  formed  on  the  outer  surface  of  the 
epidermic  cells. 

In  the  Pori/era,  the  calcareous  or  silicious  deposit  takes 
place  within  the  ectoderm  itself,  and  probably  the  same  pro- 
cess occurs,  to  a  greater  or  less  extent,  in  the  Actinozoa.  In 
those  Ikinicata  wnich  possess  a  test,  it  appears  to  be  a  struct- 
ure sui  generis  J  consisting  of  a  gelatinous  basis  excreted  by 
the  ectoderm,  in  which  cells  detached  from  the  ectoderm 
divide,  multiply,  and  give  rise  to  a  deposit  of  cellulose.  The 
test  may  take  on  the  structure  of  cartilage  or  even  of  connec- 
tive tissue.  In  the  Vertehrata  alone  do  we  find  hard  exo- 
skeletal  parts  formed  by  the  cornification  and  cohesion  of  epi- 
dermic cells. 

In  the  Actinozoa  and  the  JEchinodermata^  the  hard  skele- 
ton is,  in  the  main,  though  perhaps  not  wholly,  the  result  of 
calcification  of  elements  of  the  mesoderm.  In  some  Mollusks 
portions  of  the  mesoderm  are  converted  into  true  cartilage. 
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while  the  enderon  of  the  integument  often  becomes  the  seat 
of  calcareous  deposit.  The  endoskeleton  and  the  dermal  exo- 
skeleton  of  the  VeriebrcUa  are  cellular  (cartilage,  notoohord) 
or  fibrous  (connective  tissue)  modifications  of  the  mesodenn, 
which  may  become  calcified  (bone,  dentine).  Recent  investi- 
gations tend  to  show  that  the  enamel  of  the  teeth  is  derived 
from  the  ectoderm. 

The  Alimentary  Apparatus. — From  the  simple  sac  of  the 
Hydra  or  aproctous  TurbeUarion^  we  pass  to  the  tubular  ali- 
mentary tract  of  the  proctuchous  Tltrbellaria,  In  the  JRoH" 
/era  and  Polyzoa  there  is  a  marked  distinction  into  buccal 
cavity,  pharynx,  oesophagus,  stomach,  and  intestines  ;  while 
distinct  salivary,  hepatic,  and  renal  glands,  are  found  in  the 
majority  of  the  higher  invertebrates,  and,  not  unfrequently, 
glands  secreting  an  odorons  or  colored  fluid  appear  in  the 
region  of  the  termination  of  the  alimentary  canal. 

The  oral  and  gastric  regions  are  armed  with  cuticular 
teeth  in  many  Invertebrata  /  but  teeth  formed  by  the  calcifi- 
cation of  papillary  elevations  of  the  enderon  of  the  lining  of 
the  mouth  are  confined  to  the  Vertebrata  /  unless,  as  seems 
probable,  the  teetli  of  the  £lchinidea  have  a  similar  origin* 

The  lining  membrane  of  the  oral  cavity  is  capable  of  being 
everted,  as  a  proboscis,  in  many  Jnverteorata,  The  margins 
of  the  mouth  may  be  raised  into  folds,  armed  with  cuticular 
plates.  In  th^  Vertebratay  the  jaws  are  such  folds,  supported 
by  endoskeletal  cartilages,  belonging  to  the  system  of  the 
visceral  arches,  or  by  bones  developed  in  and  around  them  ; 
but,  in  the  Arthropoda^  what  are  usually  termed  jaws  are 
modified  limbs. 

TJie  Blood  and  Circulatory  Apparatus, — In  the  Ccelen- 
terata^  the  somatic  cavity,  or  enterocoele,  is  in  free  commu- 
nication with  the  digestive  cavity,  and  not  unfrequently 
communicates  with  the  exterior  by  other  apertures.  The  fluid 
which  it  contains  represents  blood  ;  it  is  moved  by  the  con- 
tractions of  the  body,  and  generally  by  cilia  developed  on  the 
endodermal  lining  of  the  enterocoele.  In  the  TurbeUaria^ 
Trematoda^  and  Cestoidea,  the  lacunae  of  the  mesoderm  and 
the  interstitial  fluid  of  its  tissues  are  the  only  representatives 
of  a  blood-vascular  system.  It  is  probable  that  these  com- 
municate directly  with  the  terminal  ramifications  of  the  waters 
vascular  system.  In  the  Jioti/era^  a  spacious  perivisceral 
cavity  separates  the  mesoderm  into  two  layers,  the  splanch-^ 
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nopleure^  which  forms  the  enderon  of  the  alimentary  canal, 
and  the  somcUopleure,  which  constitutes  the  enderon  of  the 
integument.  The  terminations  of  the  water- vessels  open  into 
this  cavity.  In  Annelids,  there  is  a  similar  perivisceral  cavity 
communicating  in  the  same  way  with  the  segmental  organs  ; 
but,  in  most,  there  is,  in  addition,  a  system  of  canals  with 
contractile  walls,  which,  in  some,  communicate  freely  with 
the  perivisceral  cavity,  but,  in  the  majority,  are  shut  off  from 
it.  These  canals  are  filled  by  a  clear,  usually  non-corpuscu- 
lated  fluid,  which  may  be  red  or  green,  and  constitute  the 
pseud-hasmcd  system.  The  fluid  which  occupies  the  perivis- 
ceral cavity  contains  nucleated  corpuscles,  and  has  the 
characters  of  ordinary  blood..  It  seems  probable  that  the 
fluid  of  the  pseud-hasmal  vessels,  as  it  contains  a  substance 
resembling  hsemoglobin,  represents  a  sort  of  respiratory 
blood. 

In  the  ArthropodOy  no  segmental  organs  or  pseud-bsemal 
vessels  are  known.  In  the  lowest  forms,  the  perivisceral 
cavity  and  the  interstices  of  the  tissues  represent  the  whole 
blood-system,  and  colorless  blood-cells  float  in  their  fluid  con- 
tents. In  the  higher  forms,  a  valvular  heart,  with  arteries 
and  capillaries,  appears,  but  the  venous  system  remains  more 
or  less  lacunar.  In  the  MoUuaca^  the  same  gradual  differen- 
tiation of  the  blood-vascular  system  is  observable.  In  very 
many,  if  not  all,  the  blood-cavities  communicate  directly  with 
the  exterior  by  the  "  organs  of  Bojanus  " — which  resemble 
very  simple  segmental  organs,  and  appear  to  be  always  asso- 
ciated with  the  renal  apparatus. 

In  the  Vertebrata^  Amphioxu^  has  a  system  of  blood-ves- 
sels, with  contractile  walls,  and  no  distinct  heart.  In  all 
the  other  Vertebrates  there  is  a  heart  with  at  fewest  three 
chambers  {sinus  vethosus^  atrium^  ventricle)^  arteries,  capil- 
laries, and  veins,  and  a  system  of  lymphatic  vessels  connected 
with  the  veins.  The  lymphatic  fluid  consists  of  a  colorless 
plasma,  with  equally  colorless  nucleated  corpuscles ;  the  blood- 
plasma  contains,  in  addition,  red  corpuscles,  which  are  nucle- 
ated in  Ichthyopsida  and  Sauropsida^  but  have  no  nucleus 
in  the  Mammalia,  The  lymphatic  vessels  always  communi- 
cate with  the  interstitial  lacunsB  of  the  tissues,  and  in  the 
lower  Vertebrates  are  themselves,  to  a  great  extent,  irregular 
sinuses.  The  venous  system  presents  many  large  sinuses  in 
the  lower  Vertebrates;  while,  in  the  higher  forms,  these 
sinuses  are  for  the  most  part  replaced  by  definite  vessels  with 
muscular  walls.     But  the  "  serous  cavities ''  remain  as  vast 


58  THE  ANATOMY  OF  INYERTKBRATED  ANIXALS. 

lymphatic  lacunae.  Valves  make  their  appearance  in  the  Ijm- 
phatics  and  in  the  veins,  and  the  heart  becomes  subdivided  in 
such  a  manner  as  to  bring  about  a  more  and  more  complete 
separation  of  the  systemic  circulatory  apparatus  from  that 
which  supplies  the  respiratory  organs. 

77ie  Jiesjnratort/  St/stem. — In  the  lower  Metctzoa  respira- 
tion is  effected  by  the  general  surface  of  the  body.  In  the 
Annelids,  processes  of  the  integument,  which  are  sometimes 
branched  and  usually  are  abundantly  ciliated  and  supplied 
with  pseud-haemal  vessels,  give  rise  to  hranchicB.  Branchifi 
abundantly  supplied  with  blood-vessels,  but  never  ciliated, 
attain  a  great  development  in  the  CrusUicea.  The  access  of 
fresh  water  to  them  is  secured  by  their  attachment  to  some 
of  the  limbs  ;  and,  in  the  higher  Crustaceans,  one  of  the  ap- 
pendages, tlie  second  maxilla,  serves  as  an  accessory  organ 
of  respiration.  Although  especially  adapted  for  aquatic  res- 
piration, they  are  converted  into  air-breathing,  organs  in  the 
land-crabs,  being  protected  and  kept  moist  in  a  large  cham- 
ber formed  by  the  carapace. 

In  some  mollusks  (e.g.,  Pt€ropoda\  the  delicate  lining 
membrane  of  the  pallial  cavity  serves  as  the  respiratory 
organ ;  but,  in  most,  branched  or  laminated  processes  of  the 
body  give  rise  to  distinct  branchite.  The  mantle  becomes  an 
accessory  organ  of  respiration,  being  so  modified  as  to  direct, 
or  to  cause,  the  flow  of  currents  of  water  over  the  branchias 
contained  in  its  cavity.  In  many  adult  urodele  Amphibia 
(Perenjiibranchiata)^  and  in  the  embryonic  condition  of  all 
Amphibia  and  of  many  fishes,  branchiae  of  a  similar  character, 
abundantly  supplied  with  blood-vessels,  are  attached  to  more 
or  fewer  of  the  visceral  arches. 

In  all  these  cases  the  branchiae  are  external,  and  are  de- 
veloped from  the  integument.  In  Crustaceans  and  Mollusks 
the  blood  with  which  they  are  supplied  is  retuniing  to  the 
heart ;  while,  in  the  Vertebrata  mentioned,  it  is  flowing  from 
the  heart ;  and  it  will  be  observed  that  the  gradual  per- 
fection ing  of  the  respiratory  machinery  consists,  first,  in  the 
outgrowth  of  parts  of  the  integument  specially  adapted  to 
subserve  the  interchange  between  the  gases  contained  in  the 
blood  and  those  in  the  surrounding  medium ;  secondly,  in  the 
increase  of  the  surface  of  the  branchiae,  so  as  to  enable  them 
to  do  their  work  more  rapidly ;  thirdly,  in  the  development 
of  accessory  organs,  by  which  the  flow  of  water  over  the 
branchiae  is  rendered  definite  and  constant,  and  may  be  in- 
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creased  or  diminished  in  accordance  with  the  needs  of  the 
economy. 

It  is  probable  that  the  water-vascular  system  and  the  seg- 
mental organs  of  Turbellarians  and  Annelids,  the  cloacal 
tubes  of  the  Gephyrea  and  of  some  Holothuridea^  the  ambu- 
lacral  vesicles  of  the  Echinoderms,  and  the  large  pharyngeal 
cavity  of  the  Polyzoa^  to  a  greater  or  less  extent,  subserve 
respiration,  and  constitute  internal  respiratory  organs. 

In  Myriapoda  and  Inaecta^  the  trachecB — tubes  which 
o})en  on  the  surface  of  the  body  and  contain  air,  and  are 
curiously  similar  in  their  distribution  to  the  water-vessels  of 
the  worms — constitute  a  very  complete  internal  atrial  respira- 
tory apparatus. 

In  Ardchnida^  tracbeas  may  exist  alone,  or  be  accom- 
panied by  folded  pulmonary  sclcs^  or  the  latter  may  exist 
alone,  as  in  the  Scorpion.  In  this  case,  these  lungs  are  sup- 
plied by  blood  which  is  returning  from  the  heart. 

In  these  animals,  the  flow  of  air  into  and  out  of  the  air- 
cavities  is  governed  by  the  contractions  of  muscles  of  the 
body,  disposed  so  as  to  alter  its  vertical  and  longitudinal 
dimensions.  In  the  higher  foTms,  the  entrance  and  exit  of 
air  is  regulated  by  valves,  placed  at  the  external  openings 
{stigmata)  of  the  tracheae,  and  provided  with  muscles,  by 
which  they  can  be  shut. 

In  the  Enteropneusta  and  the  Tunicata  a  new  form  of 
internal  aquatic  respiratory  apparatus  appears.  The  large 
pharynx  is  perforated  by  lateral  apertures,  which  place  its 
cavity  in  communication  with  the  exterior;  and  water,  taken 
in  by  the  mouth,  is  driven  through  these  branchial  clefts  and 
aerates  the  blood  which  circulates  in  their  interspaces. 

The  respiratory  apparatus  of  Amphioxus^  of  all  adult 
fishes,  and  of  the  tadpoles  of  the  higher  anurous  Amphibia^ 
in  a  certain  stage  of  their  existence,  is  of  an  essentially  simi- 
lar character.  The  accessory  respiratory  apparatus  for  the 
maintenance  and  the  regulation  of  the  currents  of  water  over 
the  gills  is  furnished  by  the  visceral  arches  and  their  mus- 
cles ;  and  the  respiratory  blood  flows  from  the  heart. 

In  Mollusks  which  live  on  land  (Pulmogasteropoda)^  the 
lining  wall  of  the  mantle  cavity  becomes  folded  and  highly 
vascular,  and  subserves  the  aeration  of  the  venous  blood, 
which  flows  through  it  on  its  way  to  the  heart.  The  lung  is 
here  a  modification  of  the  integument,  and  might  be  termed 
an  external  lung.  The  lungs  of  the  air-breathing  Vertebrata^ 
on  the  contrary,  are  diverticula  of  the  alimentary  canal,  pos- 
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terior  to  the  hiudormost  of  the  visceral  arches.  Thej  receive 
their  blood  from  the  hindermost  aortic  arch.  It  therefore 
flows  from  the  heart.  The  gradual  improvement  of  these 
lungs  as  respiratory  machines  is  effected,  first,  by  the  increase 
of  the  surface  over  which  the  venous  blood  broug^ht  to  the 
lungs  is  distributed ;  secondly,  by  changes  in  the  walls  of 
the  cavity  in  which  the  lungs  are  contamed,  by  which  that 
cavity  gradually  becomes  shut  off  from  the  peritoneal  cham- 
ber, and  divided  from  it  by  a  muscular  partition.  Concuiv 
rently  with  these  modifications,  a  series  of  alterations  takes 
place  in  the  accessorv  apparatus  of  respiration,  whereby  the 
machinery  of  inspiration,  which,  in  the  lower  VertebmUa^  is  a 
buccal  force-pump,  which  drives  air  into  the  lungs,  in  the  same 
way  as  water  is  driven  through  the  branchiae,  is  replaced  by 
a  thoracic  suction-pump,  which  draws  air  into  the  lungs  by 
dilatation  of  the  walls  of  the  closed  cavity  in  which  they  are 
contained.  Along  with  these  changes,  modifications  of  the 
heart  take  place,  in  virtue  of  which  one-half  of  its  total 
mechanical  power  becomes  more  and  more  exclusively  ap- 
propriated to  the  task  of  driving  the  blood  through  the  lungs. 
The  term  "  double  circulation "  applied  to  the  course  of  the 
blood  in  the  highest  Vtrtebrata  is,  however,  a  misnomer.  In 
the  highest,  as  in  the  lowest,  of  these  animals,  the  blood  com- 
pletes but  one  circle,  and  the  respiratory  organ  is  in  the 
course  of  the  outward  current. 

Many  animals  are  truly  amphibious,  combining  aquatic 
and  a{3rial  respiratory  organs. 

Thus,  among  Mollusks,  AmpuUaria  and  Onc/iidum  com- 
bine branchiae  with  pulmonary  organs  ;  many  Teleostean  fishes 
have  the  lining  membrane  of  the  enlarged  branchial  chamber 
vascular  and  coinpet<>nt  to  subserve  aerial  respiration.  And 
in  the  Ganoids  and  Teleostei  the  presence  of  an  air-bladder, 
which  is  both  functionally  and  morphologically  of  the  same 
nature  as  a  lung,  is  very  common.  But,  in  the  majority  of 
the  Teleostei^  the  air-bladder  is  turned  aside  from  its  pulmo- 
nary function  to  subserve  mechanical  purposes,  in  affecting 
the  specific  gravity  of  the  body.  On  the  other  hand,  in  the 
OanoiiU  and  Dipnoi^  the  whole  series  of  modifications  by 
which  the  air-bladder  passes  into  the  lung  are  (latent.  In 
such  lower  Amphibia  as  Protexia  and  Jfenobranchus^  bran- 
chial respiration  is  predominant,  and  the  lungs  arc  subsidi- 
ary ;  but,  in  the  higher,  the  lungs  acquire  greater  importance, 
while  the  branchiae  diminish,  and  eventually  disappear. 
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The  Uropoietic  System, — Uropoietic.  organs,  distinct  from 
the  alimentary  canal,  are  probably  represented  by  the  water- 
vascular  system  and  segmental  organs  of  the  worms.  The 
^  organs  of  Bojanus  "  of  Mollusks  are  sacs  or  tubes  opening, 
on  the  one  side,  on  the  exterior  of  the  body,  and,  on  the 
other,  into  some  part  of  the  blood-vascular  system.  So  far, 
as  Gegenbaur  has  shown,  they  resemble  the  segmental  organs 
of  Annelids.  In  the  majoritv  of  the  MoUitaca^  some  part  of 
the  wall  of  the  organ  of  Bojanus  is  in  close  relation  with  the 
venous  system  near  the  heart,  and  the  nitrogenous  waste  of 
the  body  is  here  eliminated  from  the  venous  blood.  In  the 
Vertebraia^  the  renal  apparatus  is  constructed  on  the  same 
principle.  If  for  simplicity's  sake  we  reduce  a  mammalian 
kidney  to  a  ureter  with  a  single  uriniferous  tubule,  it  cor- 
responds with  an  organ  of  Bojanus,  so  far  as  it  contains  a 
cavity  communicating  with  the  exterior  at  one  end,  and  hav- 
ing a  vascular  plexus — the  Malpighian  body — in  intimate 
contact  with  the  opposite  end.  In  the  adult  mammal  there  is 
no  direct  communication  between  the  urinary  duct  and  the 
blood-vascular  system.  But,  inasmuch  as  recent  researches 
have  proved  that  the  ureter  is  formed  by  subdivision  of  the 
Wolffian  duct,  and  that  the  Wolffian  duct  is  primitively  a  di- 
verticulum of  the  peritoneal  cavity,  and  remains  for  a  longer 
or  shorter  time  (permanently,  in  some  of  the  lower  Verte- 
brata,  as  Myxine)  in  communication  therewith ;  and  since  it 
has  further  been  shown  that  the  peritoneal  cavity  communi- 
cates directly  with  the  lymphatics,  and  therefore  indirectly 
with  the  vems ;  it  follows  that  the  vertebrate  kidney  is  an 
extreme  modification  of  an  organ,  the  primitive  type  of  which 
is  to  be  found  in  the  organ  of  Bojanus  of  the  Mollusk,  and  in 
the  segmental  organ  of  the  Annelid  ;  and,  to  go  still  lower, 
in  the  water-vascular  system  of  the  Turbellarian.  And  this,  in 
its  lowest  form,  is  so  'similar  to  the  more  complex  conditions 
of  the  contractile  vacuole  of  a  ProtozoOn,  that  it  is  hardly 
straining  analogy  too  far  to  regard  the  latter  as  the  primary 
form  of  uropoietic  as  well  as  of  internal  respiratory  apparatus. 

Tlie  Nervous  System, — In  its  essential  nature,  a  nerve  is 
a  definite  tract  of  living  substance,  through  which  the  molec- 
ular changes  which  occur  in  any  one  part  of  the  organism 
are  conveyed  to  and  affect  some  other  part.  Thus,  if,  in  the 
simple  protoplasmic  body  of  a  Protozoan,  a  stimulus  applied 
to  one  part  of  the  body  were  more  readily  transmitted  to 
some  other  part,  along  a  particular  tract  of  the  protoplasm, 
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that  trmct  would  be  ^  virtual  nerve«  although  it  might  hare 
no  optical  or  chemical  characters  which  should  enable  us  to 
distinguish  it  from  the  rest  of  the  protoplasm. 

It  is  important  to  have  this  de6nition  of  nerve  clearlj 
before  us  in  considering  the  question  whether  the  lowest 
animals  possess  nerves  or  not.  Assuredly  nothing  of  the 
kind  is  discernible,  by  such  means  of  investigation  as  we  st 
present  possess,  in  Protozoa  or  Poriftra  ;  but  any  one  who 
has  attentively  watched  the  waya  of  a  Coipoda^  or  still  more 
of  a  VoriiceUa^  will  probably  hesitate  to  deny  that  they 
possess  some  apparatus  by  which  external  agencies  give 
rise  to  localized  and  coordinated  movements.  And  when  we 
reflect  that  the  essential  elements  of  the  highest  nervons 
system — the  fibrils  into  which  the  aiis-fibres  break  up— are 
filaments  of  the  extremest  tenuity,  devoid  of  any  definite 
structural  or  other  characters,  and  that  the  nervous  system 
of  animals  only  becomes  conspicuous  by  the  gathering  to- 
gether of  these  filaments  into  nerve-fibres  and  nerves,  it  will 
be  obvious  that  there  are  as  strong  morphological,  as  there 
are  physiological,  grounds  for  suspecting  that  a  nervous  sys- 
tem may  exist  very  low  down  in  the  animal  scale,  and  possi- 
})ly  even  in  plants. 

The  researches  of  Kleinenberg,  which  may  be  readily  veri- 
fied, have  shown  that,  in  the  common  Hydra^  the  inner  ends 
of  the  cells  of  the  ectoderm  are  prolonged  into  delicate  pro- 
cesses, which  are  eventually  continued  into  very  fine  longi- 
tudinal filaments,  forming  a  layer  between  the  ectoderm  and 
the  ondodemi. 

Kleinenberg  terms  these  neuro-muscular  elements,  and 
thinks  that  they  represent  both  nerve  and  musole  in  their 
undifferentiated  state.  But  it  appears  to  me  that  while  the 
assumed  contractility  of  these  fibres  might  account  for  the 
shortening  of  the  body  of  the  Polyp,  they  can  have  nothing 
to  do  witii  its  lengthening.  As  the  latter  movements  are  at 
least  as  vigorous  as  the  former,  we  are  therefore  obliged  to 
assume  sufficient  contractility  in  the  general  constituents  of 
the  body  to  account  for  them.  And  if  so,  what  ground  is 
there  for  supposing  that  this  contractility  can  be  exerted  by 
only  one  tissue  when  the  body  shortens  ?  To  my  mind,  it  is 
more  probable  that  "  Kleinenberg's  fibres  "  are  solely  inter- 
n uncial  in  function,  and  therefore  the  primary  form  of  nerve. 
The  prolongations  of  the  ectodermal  cells  have  indeed  a 
strangely  close  resemblance  to  those  of  the  cells  of  the  olfac- 
tory and  other  sense-organs  in  the  VertebrtUa  /  and  it  seems 
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probable  that  they  are  the  channels  by  which  impulses  affect- 
ing any  of  the  cells  of  the  ectoderm  are  conveyed  to  other 
cells  and  excite  their  contraction. 

The  researches  of  Eimer '  upon  the  nervous  system  of  the 
Ctenophora  are  in  perfect  accordance  with  this  view.  The 
mesoderm  is  traversed  in  all  directions  by  very  fine  fibrils, 
varying  in  diameter  from  3  ^  ^  (^  ^^  to  yyixnr  ^^  *^  inch.  These 
fibrils  present  numerous  minute  varicosities,  and,  at  intervals, 
larger  swellings  which  contain  nuclei,  each  with  a  large  and 
strongly  refracting  nucleolus.  These  fibrils- take  a  straight 
course,  branch  dichotomously,  and  end  in  still  finer  filaments, 
which  also  divide,  but  become  no  smaller.  They  terminate 
partly  in  ganglionic  cells,  partly  in  muscular  fibres,  partly  in 
the  cells  of  the  ectoderm  and  endodernu  Many  of  the  nerve- 
fibrils  take  a  longitudinal  course  beneath  the  centre  of  each 
series  of  paddles,  and  these  are  accompanied  by  ganglionic 
cells,  which  become  particularly  abundant  toward  the  aboral 
end  of  each  series.  The  eight  bands  meet  in  a  central  tract 
at  the  aboral  pole  of  the  body;  but  Eimer  doubts  the  nervous 
nature  of  the  cellular  mass  which  lies  beneath  the  lithocyst 
and  supports  the  eye-spots. 

The  nervous  system  of  the  Ctenophoran  is,  therefore,  just 
such  as  would  arise  in  Hydra^  if  the  development  of  a  thick 
mesoderm  gave  rise  to  the  separation  and  elongation  of 
Kleinenberg's  fibres,  and  if  special  bauds  of  such  fibres, 
developed  in  relation  with  the  chief  organs  of  locomotion, 
united  in  a  central  tract  directly  connected  with  the  higher 
sensory  organs.  We  have  here,  in  short,  virtual,  though  in- 
completely differentiated,  brain  and  nerves. 

All  recent  investigation  tends  more  and  more  completely 
to  establish  the  following  conclusions :  firstly,  that  the  central 
ganglia  of  the  nervous  system  in  all  animals  are  derived  from 
the  ectoderm;  secondly,  that  all  the  nerves  of  the  sensoiy 
organs  terminate  in  cells  of  the  ectoderm ;  thirdly,  that  all 
motor  nerves  end  in  the  substance  of  the  muscular  fibres  to 
which  they  are  distributed.  So  that,  in  the  highest  animals, 
the  nervous  system  is  essentially  similar  to  that  of  the  lowest; 
the  difference  consisting,  in  part,  in  the  proportional  .size  of 
the  nerve-centres,  and,  in  part,  in  the  gathering  together  of 
the  intemuncial  filaments  into  bundles,  having  a  definite 
arrangement,  which  are  the  nerves^  in  the  ordinary  anatomical 
sense  of  the  term. 

1  '*  Zoologisohe  Studien  aof  Capri.*'    Leipsio,  1878. 
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And  as  respects  the  ectodermal  cells  which  constitute  the 
fundamental  part  of  the  organs  of  the  special  senses,  it  is 
becoming  clear  that  the  more  perfect  the  sensory  apparatus^ 
the  more  completely  do  these  sensigenons  cells  take  on  the 
form  of  delicate  rods  or  filaments.  Whether  we  consider  the 
organs  of  the  lateral  line  in  fishes  and  amphibia,  the  gusta- 
tory bulbs,  the  olfactory  cells,  the  auditory  cells,  or  the 
elements  of  the  retina,  this  rule  holds  good. 

Every  one  of  the  organs  of  the  higher  senses  makes  its 
appearance  in  the  animal  series  as  a  part  of  the  ectoderm, 
the  cells  of  which  have  undergone  a  slight  modification.  In 
the  ciisii  of  the  eye,  accessory  structures,  consisting  of  vari- 
ously-colored  masses  of  pigment,  which  surround  the  visual 
cells,  and  of  a  transparent  refracting  cuticular  or  cellular 
structure  which  lies  superficially  to  them — a  rudimentary 
choroid  and  cornea — are  next  added.  The  highest  form  of 
compound  Arthropod  eye  differs  from  this  only  in  the  differ- 
entiation of  the  layer  of  sensigcnous  cells  into  the  crystalline 
cones  and  their  appendages,  and  it  has  not  been  clearly  made 
out  that  the  simple  eyes  of  most  other  Invertebrata  have 
undergone  any  further  change. 

Hut  in  XaiUiliis  the  nerve-cells  and  choroid  line  the  walls 
of  a  deep  cup  open  externally ;  which,  though  its  development 
has  not  been  traced,  may  be  safely  assumed  to  result  from 
the  involution  of  the  retinal  ectoderm.  It  may  be  compared 
to  an  arthropod  compound  eye  become  concave  instead  of 
convex. 

In  the  higher  Cephalopoda^  the  margins  of  the  ocular 
pouch  unite  and  give  rise  to  a  true  cornea,  which,  however, 
frequently  remains  perforated,  and  a  crystalline  lens  is  de- 
veloped. In  the  higher  Vertebrata  the  retina  is  still  a  modi- 
fied portion  of  the  ectoderm.  For,  inasmuch  as  the  anterior 
cerebral  vesicle  is  formed  by  involution  of  the  epiblast,  and 
the  optic  vesicle  is  a  diverticulum  of  the  anterior  cerebral 
vesicle,  it  necessarily  follows  that  the  outer  wall  of  the  optic 
vesicle  is  really  part  of  the  ectoderm,  its  inner  fa<?e  being, 
morphologically,  a  portion  of  the  siirface  of  the  body.  The 
rods  and  cones  of  the  vertebrate  eye,  therefor^,  exactly  corre- 
spond with  the  crystalline  cones,  etc.,  of  the  Arthropod  eye; 
and  the  reversal  of  the  ends  which  are  turned  toward  the 
light  in  the  Vertebrata  is  a  necessary  result  of  the  extraor- 
dinary change  of  position  which  the  retinal  surface  undergoes 
in  them. 

In  the  part  of  the  ectoderm  which  takes  on  the  auditory 
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function,  two  kinds  of  accessory  organs,  solid  particles  sus- 
pended in  a  fluid  and  fine  hair-like  filaments,  are  developed 
m  close  relation  with  the  nerve-endings.  In  the  Cmstctcea 
both  are  combined,  and  an  involution  of  the  sensory  region 
takes  place,  which  usually  remains  open  throughout  life,  and 
represents  the  most  rudimentary  form  of  auditory  labyrinth. 
The  Crustacean  ear  is  the  parallel  of  the  NautiluB  eye.  In 
the  Vertebrata  the  membranous  labyriJith  is  similarly  an  in- 
Tolution  of  the  integument,  which  remains  open  throughout 
life  in  many  fishes,  but  becomes  shut  off  and  surrounded  by 
thick  mesoblastic  structures  in  aU  the  higher  Vertebrata, 
The  tympanum  and  the  ossicula  audiiUs  are  additional 
accessory  structures,  formed  at  the  expense  of  the  hyoman- 
dibular  cleft  and  its  boundary-walls. 

The  Reproductive  System. — The  relation  of  the  reproduc- 
tive elements  to  the  primitive  layers  of  the  germ  is  as  yet 
uncertain*  £.  van  Beneden  has  brought  forward  very  strong 
evidence  to  the  effect  that  in  Hydractinia  the  spermatozoa 
are  modified  cells  of  the  ectoderm,  and  the  ova  of  tnose  of  the 
endoderm ;  but,  whether  it  can  be  safely  concluded  that  this 
rule  holds  good  for  animals  generally,  is  a  question  that  can 
only  be  settled  by  much  and  difficult  investigation.  The  fact 
that,  in  the  Vertebrata^  the  ova  and  spermatozoa  are  products 
of  the  epithelial  lining  of  the  peritoneal  cavity,  and  therefore 
proceed  from  the  mesoblast,  appears  at  first  sight  directly  to 
negative  any  such  generalization.  But  it  must  be  remem- 
bered that  the  origin  of  the  mesoblast  itself  is  yet  uncertain, 
and  that  it  is  quite  possible  that  one  portion  of  that  layer  may 
originate  in  the  ectoderm  and  another  in  the  endoderm. 

There  is  some  reason  to  suspect  that  hermaphrodism  was 
the  primitive  condition  of  the  sexual  apparatus,  and  that  uni- 
sexuality  is  the  result  of  the  abortion  of  the  organs  of  the  other 
sex,  in  males  and  females  respectively. 

Very  low  down  in  the  animal  series,  among  the  TurbeUa- 
riOy  the  accessory  organs  of  generation  acquire  a  great  com- 
plexity. In  the  lower  TurheUaria  the  excretory  duct  is  a 
mere  short,  wide  passage.  But,  in  the  higher  TurheUaria  and 
TVematoda^  the  female  apparatus  presents  a  germarium,  in 
which  the  ova  are  developed ;  vitellarian  glands,  which  give 
rise  to  a  supplemental  or  food  yelk  ;  an  oviduct ;  a  uterus  and 
vagina ;  and  a  spermatheca,  in  which  the  semen  is  stored  up. 
The  male  apparatus  presents  a  testis,  a  vas  deferens,  and  a 
penis.    The  function  of  the  vitellarian  gland  may  be  taken  on 
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bv  ceils  of  the  orarr,  or  OTidact ;  or  >ccejBorr  Tdk-sabsUiice 
maj  be  formed  whbin  tbe  priooitiTe  onm  itBetf,  in  the  AfikrO' 
p€pda  and  in  most  MoUutea  :  but  tb&  leptodnctiTe  organs  in 
all  these  animals  are  reducible  to  the  Tvrbellarian  type. 

In  the  Annelids  (  CHigochaia  and  J\»fyeAafa),  the  OTaria 
and  testes  often  have  no  special  dacta^  and  their  products 
make  their  way  out  of  tbe  bodj  by  canels  which  appear  to  be 
modified  segmental  organs. 

In  tbe  Cephalopoda^  ^gun,  tbe  oraria  and  testes  part  with 
their  contents  bv  dehiscence  into  cfaambcfa  connected  with  the 
water-cavities,  which  are  prolongations  of  the  organs  of  Boja- 
nus.  And  thev  are  conveyed  away  from  these  chambers  oy 
ducts,  the  onducts  or  vaaa  deferentia,  which  oommence  by 
open  mouths  in  them. 

In  the  Vertebrata^  the  reproductive  organs  either  dehisce 
and  pour  their  contents  into  the  peritoneal  cavity,  whence 
they  are  conveyed  outward  by  abdominal  pores  {MarmpO' 
branchiij  many  Teieosiei)^  or  they  are  continued  into  ducts 
which  open  behind  the  anus  separately  from  the  renal  open- 
ing in  the  females,  but  in  common  with  it  in  the  males  (most 
Teloosteans)  ;  or  their  ducts  are  derived  from  portions  of  the 
priinitive  renal  apparatus  which,  as  we  have  seen,  is  a  struct- 
ure of  the  same  order  as  the  organs  of  Bojanus  and  the  seg- 
mental organs.  The  testis  is  usually  converted  into  a  mass 
of  tubuli,  which  eventually  open  directly  into  the  ducts  {epi- 
didymis^ va$  deferens)  derived  from  the  renal  organs.  "Die 
ovary,  on  the  other  band,  becomes  an  aggregation  of  sacs — 
the  Graafian  follicles — and  the  oviducts  open  into  the  perito- 
neal cavity. 

Development. — ^The  embryo  either  passes  through  all 
stages  from  the  morula  to  a  condition  differing  from  the  aduH 
only  in  size,  proportions,  and  sexual  characters,  or  it  leaves  the 
egg  in  a  condition  more  or  less  remote  from  the  adult  state, 
and  sometimes  exceedingly  different  from  it.  In  the  latter 
case,  the  animal  is  said  to  undergo  a  metamorphosis,  Elach  of 
these  modes  of  development  occurs  in  members  of  the  same 
group,  and  often  in  closely  allied  forms  :  as,  for  example,  the 
former  in  the  crayfish  (Astacus)^  and  the  latter  in  the  lobster 
(Homarus). 

When  metamorphosis  occurs,  the  larva  may  live  under 
conditions  totally  different  from  those  under  which  the  adult 
passes  its  existence,  and  its  structure  may  be  variously  modi- 
fied in  relation  to  these  conditions.     Thus  the  larva  of  an 
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animal  which  is  fixed  in  the  adult  state  may  be  provided  with 
larffelj-developed  locomotire  organe ;  while  that  of  an  adult 
which  feeds  by  suction  may  be  provided  with  powerful  appa- 
ratus for  the  seiiuie  ftnd  manducation  of  vegetable  and  ani- 
mat  prey. 

The  larva  of  a  free  adult  may  be  parasitia,  or  that  of  a 
parasitic  adult  free  and  actively  locomotive.  Moreover,  the 
whole  course  of  development  may  take  place  outside  the  body 
of  the  parent,  or  more  or  less  extensively  withiu  it ;  whence 
the  distinction  of  oetporotM,  ovoviviparota,  and  viviparous ' 
animals. 

Finally,  when  development  takes  place  within  the  body  of 
the  parent,  the  foetus  may  receive  nourishment  &om  the  latter 
by  means  of  an  apparatus  termed  a  placenta,  bv  which  an 
exchange  between  the  parental  and  fcetal  blood  is  readily 
effected.  Examples  of  placentte  are  found  not  only  in  the 
higher  mammals,  but  in  some  Plagiostome  fishes  and  among 
the  Ihtnicata. 

In  many  insects  and  in  the  higher  Vertebrates,  the  em- 
bryo acquires  a  special  protective  envelope,  the  amnion, 
which  is  thrown  off  at  birth  ;  while,  in  many  Vertebrates, 
another  foetal  appendage,  the  aUantoia,  subserves  the  respi- 
ration and  nutrition  of  the  fcetus. 

The  strange  phenomena  included  under  the  head  of  the 
"Alternation  of  Generations,"  and  which  result  from  the  di- 
vision, by  budding  or  otherwise,  of  the  embryo  which  leaves 
the  egg,  into  a  succession  of  independent  zoOids,  only  the  last 
of  which  acquires  sexual  organs,  have  already  been  gener- 
ally discussed. 


IV. — THE    DISTBIBDnqN   OT  AIOHALS, 

The  distribution  of  animals  has  to  be  considered  under 
two  points  of  view ;  first,  in  respect  of  the  present  condi- 
tion of  Nature  ;  and  secondly,  in  respect  of  past  conditions. 
The  first  is  commonly  termed  Qeographicai,  the  second 
Geological,  or  Pahontologicat,  Diatribution.    A  little  con- 

>  Ab  oxgi  capable  of  development  arc  alive,  this  terminotoDT  is  etymoloip- 
call;  bad  ;  and  oootitPipai-Diu  is  particularly  objectionnblo,  aa  all  animals  bring 
n>rth  live  ecffSi  ot  tbat  wiiioh  proMcda  from  tnem.  But,  tui  ucderAtood  to  ap- 
ply In  animals  vhicb  lay  ^flft  ^  those  in  which  tbe  egga  are  hatched  vithin 
the  interior  of  the  body  without  anv  special  fo?tfll  nutritive  apparatua,  and  to 
thoM  Id  vhich  the  joniig  are  provided  with  such  an  tpparatoa,  it  hait  a  certaia 
eoDveiiienoe. 
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sidoration,  however,  will  show  that  this  classification  of  the 
facts  of  distribution  is  essentially  faulty,  inasmuch  as  many 
of  the  phenomena  included  under  the  second  head  are  of  the 
same  order  as  those  comprehended  under  the  first.  Zoological 
DistributioQ  comprehends  all  the  facts  which  relate  to  the 
occurrence  of  animals  upon  the  earth's  surface  throughout 
the  time  during  which  animal  life  has  existed  on  the  globe. 
Therefore  it  embraces : 

First,  Zoological  Chronology^  or  the  duration  and  order  of 
succession  of  living  forms  in  time ;  and — 

Secondly,  Zoological  Geography^  or  the  distribution  of  life 
on  the  earth's  surface  at  any  given  epoch. 

What  is  commonly  termed  Geographical  Distribution  is 
simply  that  distribution  which  obtains  at  the  present  epoch; 
but  it  is  obvious  that,  at  any  given  moment  in  their  past  his- 
tory, animals  must  have  had  some  sort  of  geographical  distri- 
bution ;  and  considerable  acquaintance  with  the  nature  of  that 
distribution  has  now  been  obtained  for  all  the  epochs,  the 
nature  of  the  living  population  of  which  has  been  revealed  by 
fossil  remains.  1  do  not  propose  to  deal  at  length  with  either 
branch  of  distribution  in  this  place,  but  a  few  broad  truths 
which  have  been  established  may  be  mentioned. 

GeographiCiil  Distribution  at  the  Present  JEpoch, — ^The 
fauna  of  the  deep  sea  (below  five  hundred  fathoms)  has  been 
shown,  by  the  investigations  of  Wyville  Thomson  and  his 
associatoK  of  the  Challenger,  to  present  a  striking  general  uni- 
formity (in  all  parts  of  the  world  hitherto  explored,  in  corre- 
spoiuh'ucM^  with  the  general  uniformity)  of  conditions  at  such 
doptliM. 

W'if  h  n»Hpeot  to  the  surface  of  the  sea,  the  observations  of 
the  Nimio  naturalists  tend  t«  establish  a  like  uniformity  of  the 
great  typrs  of  foramini feral  life  throughout  the  tropical  and 
tempc»rato  zones — witli  a  diminution  in  the  abundance  of  that 
life  toward  the  arctic  and  antarctic  regions,  where  it  appears 
to  be  replaced  by  Hadiolaria  and  Diatomaceous  plants. 

With  regard  to  higher  organisms,  the  oceanic  Hydrozoa 
and  the  Ctenophora  are  undoubtedly  very  widely  spread.  It 
is  probable  that  they  attain  their  maximum  development  in 
warm  seas,  though  the  known  facts  are  insufficient  for  the 
definite  conclusion.  Sagitta  and  Appendicuktria^  with  many 
genera  of  Coj>epoday  Crustacea,  and  Pteropoda^  are  of  world- 
wide distribution  ;  and  it  is. at  present  doubtful  whether  any 
well-marked  provinces  of  the  ocean  can  be  defined  by  the  oc- 
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currence  of  purely  pelagic  animals.  On  the  other  hand,  shal- 
low-water marine  animals  fall  into  assemblages  characteristic 
of  definite  areas  or  provinces  of  distribution — that  is  to  say, 
though  many  species  have  a  world-wide  distribution,  others 
occur  only  in  particular  localities,  and  certain  geographical 
areas  are  marked  by  the  existence  in  them  of  a  number  of 
such  peculiar  species.  The  basins  of  the  Pacific,  the  Indian 
Ocean,  the  Atlantic,  the  Mediterranean,  and  the  Arctic  seas, 
are  thus  especially  characterized  ;  and  even  limited  areas  of 
these  great  geographical  divisions,  such  as  the  Celtic,  the 
Lusitanian,  and  the  Australian,  have  their  peculiar  features. 

But,  though  the  shallow-water  marine  faunae  thus  follow 
the  broad  features  of  physical  geography,  and  though,  within 
each  great  province  of  distribution  thus  marked  out,  temper- 
ature and  other  physical  conditions  have  an  obvious  influence 
in  determining  the  range  of  species  ;  yet,  on  comparing  any 
two  great  areas  together,  differences  in  climatal  conditions 
are  at  once  seen  to  be  inadequate  to  account  for  the  differ- 
ences between  the  faunse  of  the  two  areas.  Climate  in  no 
way  enables  us  to  understand  why  the  Trigonia^  the  pearly 
J/autiltMy  the  Ceatracion^  the  eared  seals,  and  the  penguins, 
are  found  in  the  Pacific  and  not  in  the  Atlantic  area ;  *  nor 
why  the  Cetacea  of  the  arctic  and  antarctic  regions  should  be 
as  different  as  they  are.  When  we  turn  to  the  distribution 
of  land-animals,  the  boundaries  of  the  provinces  of  distribu- 
tion correspond  neither  with  physical  features  nor  vnth  cli- 
matic conditions.  Mammals,  birds,  reptiles,  and  amphibians, 
are  so  distributed  at  the  present  day  as  to  mark  out  four  great 
areas  or  provinces  of  distribution  of  very  unequal  extent,  in 
each  of  which  a  number  of  characteristic  types,  not  found 
elsewhere,  occur.  These  are  :  1.  The  ArctogcBal^  including 
North  America,  Europe,  Africa,  and  Asia  as  far  as  Wallace's 
line,  or  the  boundary  between  the  Indian  and  the  Papuan 
divisions  of  the  Indian  Archipelago  ;  2.  The  Austrocolum- 
biany  comprising  all  the  American  Continent  south  of  Mexico ; 
3.  The  Australian^  from  Wallace's  line  to  Tasmania  ;  4.  The 
Novozdanian^  including  the  islands  of  New  Zealand.' 

>  Penguins  are  found  at  the  Cape  of  Good  Hope  and  at  the  Falkland  iBlands, 
but  not  in  the  northern  parts  of  tne  west  coast  of  AfHca,  nor  of  the  east  coast 
of  South  America.  In  tne  Pacific  they  stretch  north  to  the  Papuan  and  Peru- 
Tian  coasts. 

*  On  the  classification  and  distribution  of  the  AUdoromorpJuB  and  HeUro- 
morpha :  Proceedings  of  the  Zoological  Society,  1868.  Sdater  on  the  "  Geo- 
graphical Distribution  of  Birds  "  Ibid.,  vol.  ii.  Pucheran,  "  Revue  et  Mu^in 
do  Zoologie,'*  1865.  Murray,  ^^  The  Geographical  Distribution  of  Mammals.'' 
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There  is  no  doubt  that  provincos  of  distribution,  closely 
corresponding  with  these,  existed  at  the  time  of  tiie  Qua- 
ternary and  later  Tertiary  rocks.  In  Europe,  North  Axnerici, 
and  Asia,  the  Arctogasal  province  was  as  distinctly  chane* 
terized  in  the  Miocene,  and  probably  in  the  fi«ocene  epoch,  as 
it  is  at  present.  What  may  have  been  the  case  in  Austrooo- 
lumbia,  Australasia,  and  Novozelania,  we  have  no  means  of 
being  certain,  in  the  absence  of  sufficient  knowled^  of  the 
Miocene  and  Eocene  deposits  of  those  regions. 

Our  present  knowledge  of  the  geographical  distributioD 
which  obtained  in  the  older  periods  does  not  enable  us  to 
speak  with  any  confidence  as  to  the  limits  of  the  provinces  of 
distribution  in  the  past.  But  this  much  is  certain,  that  as  far 
back  as  the  epoch  of  the  Trias — at  the  dawn  of  the  Secondaiy 
period — the  Reptilia  and  Amphibia  of  Europe,  India,  and 
South  Africa,  and  probably  North  America,  presented  the 
same  kind  of  resemblance  as  the  mammals  and  birds  of  the 
corresponding  Arctogasal  fauna  do  now.  But  then  there  is 
no  iu formation  respecting  the  reptiles  and  amphibians  of  the 
corresponding  epoch  in  Austrocolumbia  and  Australia,  so  that 
it  is  impossible  to  say  whether,  in  Triassic  times,  the  Arcto- 
gjcal  province  was  limited  as  it  is  now. 

Outside  the  limits  of  the  Arctogaeal  province,  the  mate- 
rials for  forming  a  judgment  of  the  distribution  of  animals 
are  altogether  insufficient  to  enable  us  to  draw  any  conclu- 
sion as  to  the  existence,  and  still  less  as  to  the  boundaries,  of 
definite  provinces  of  distribution  in  Palaeozoic  times.  No 
remains  of  land-animals  have  yet  been  discovered.  The 
fresh-water  fauna  consists  of  Amphibians  and  Fishes,  and  we 
know  nothing,  or  next  to  nothing,  of  these  in  any  part  of  the 
world  except  the  Arctogjeal  province. 

A  good  deal  is  known  of  the  older  Silurian  fauna  outside 
the  boundaries  of  the  present  Arctogaeal  province,  and  within 
those  of  both  the  Austrocolumbian  and  Australasian  prov- 
inces. With  a  generally  similar  faciea^  the  faunae  of  these 
regions  present  clear  differences.  And,  considering  that  the 
groups  of  animals  which  are  represented  are  chiefly  deep-sea 
and  pelagic  forms,  it  is  not  wonderful  that  this  similarity  of 
facies  should  exist.  The  investigations  of  the  Challenger 
expedition  show  that  such  forms  present  a  like  similarity  of 
facies  at  the  present  day. 

One  of  the  most  important  facts  which  have  been  estab- 
lished under  the  head  of  Zoological  Chronology  is,  that  in  all 
parts  of  the  world  the  fauna  of  the  later  part  of  the  Tertiary 
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period,  in  any  proyince  of  distribution,  was  made  up  of  forms  * 
either  identical  with,  or  very  similar  to,  those  now  living  in 
that  area. 

For  example,  the  elephants,  tigers,  bears,  bisons,  and  hip- 
popotamuses of  the  later  tertiary  deposits  of  England  are  all 
closely  allied  to  members  of  the  existing  Arctogaeal  fauna ; 
the  great  armadillos,  anteaters,  and  platyrrhine  apes  of  the 
caves  of  South  America,  are  as  closely  related  to  the  existing 
Austrocolumbian  fauna ;  and  the  fossil  kangaroos,  wombats 
Und  phalangers  of  the  Australian  tertiaries  to  those  which 
now  live  in  the  Australasian  province. 

No  remains  of  elephants  occur  in  Australia,  nor  kangaroos 
in  Austrocolumbia ;  nor  anteaters  and  armadillos  in  Europe 
in  Tertiary  deposits. 

But,  as  we  go  back  in  time  from  the  Tertiary  lo  the  Sec- 
ondary, this  law  no  longer  holds  good.  Most  of  the  few  ter- 
restrial mammals  of  secondary  age  which  have  been  dis- 
covered belong  to  Australasian  and  not  to  Arctogaeal  types, 
and  the  marine  fauna  resembles  that  of  the  existing  Pacific 
more  than  it  does  that  of  the  Atlantic  area,  but  differs  from 
both  in  the  presence  of  numerous  wholly  extinct  groups.  It 
looks  as  if,  in  the  latter  part  of  the  Cretaceous  epoch,  a 
great  change  in  the  limits  of  the  then  existing  distributional 
area  had  taken  place, -and  the  types  now  characteristic  of 
the  Arctogasal  province  had  invaded  regions  from  which 
they  had  before  been  shut  out.  And  the  assumption  of  a 
process  of  a  similar  character  appears  to  me  to  be  the  only 
rational  explanation  of  the  rapid  advent  of  types  absent  in 
the  Palseozoic  deposits  known  to  rs,  in  the  earlier  Secondary 
rocks. 

Yet  other  results  of  first-rate  importance  Lave  come  out 
of  the  study  of  the  chronological  relations  of  fossil  remains. 
Cuvier's  investigations  proved  that  the  hiatuses  between 
existing  groups  of  ungulate  mammals  tend  to  be  filled  up  by 
extinct  forms.  Later  investigations  have  not  only  confirmed 
this  conclusion,  but  have  shown  that,  in  several  cases,  an 
existing  much-modified  form  can  be  shown  to  have  been  pre- 
ceded in  time,  in  the  same  distributional  area,  by  exactly 
such  forms  as  it  is  necessary  should  have  existed,  if  the  much- 
modified  existing  animal  had  proceeded  by  way  of  evolution 
from  a  simpler  form. 

For  certain  groups  of  animals,  then,  there  is  as  much  and 
as  good  evidence  of  their  having  been  evolved  by  successive 
modification  of  a  primitive  form  as  the  nature  of  the  case  per- 
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mits  us  to  expect.  But  the  groups  in  which  there  is  < 
deiico  of  such  modifications  during  geologically  recon 
time,  all  belong  to  the  most  differentiated  members  of  tli 
classes.  Lower  forms,  coextensive  in  duration,  exhibit 
sign  of  having  undergone  any  notable  modification.  Wl 
the  former  are  mutaUe^  the  latter  arc  persistefit  types  in  n 
tion  to  geological  time. 

Leaving  the  debatable  question  of  the  nature  of  JEIozc 
aside,  the  oldest  fossiliferous  rocks  are  the  Cambrian*  1 
scanty  fauna  therein  preserved  consists  of  forms  which  ] 
neither  Protozoa  nor  JPori/eray  nor  even  appertain  to  t 
lowest  groups  of  their  respective  classes.  There  is  no  reas 
to  believe  that  it  gives  a  just  notion  of  the  contemporanec 
fauna,  nor  is  there  any  valid  reason  for  the  supposition  tl 
it  represents  the  forms  of  animal  life  which  were  the  first 
make  their  appearance  on  our  planet. 


CHAPTER  n. 

THE    PBOTOZOA. 

In  its  feeblest  manifestatioiiB,  the  contractility  of  animals 
TCSultB  in  mere  changes  of  the  form  of  the  body,  as  in  the 
kdult  OregarincE/  but,  from  the  sluggish  shorteniags  and 
lengtheuings  of  the  diiferent  diameters  of  the  body  which 
these  creatures  exhibit,  all  gradations  are  traceable,  through 
those  animals  which  push  out  and  retract  broad  lobular  pro- 
cesses, to  those  ia  which  the  contractile  prolongations  take 
the  form  of  long  and  slender  filaments.  Whether  thick  or 
filamentous,  such  contractile  processes  ara  called  "psttudo- 
podia,"  when  their  movements  are  alow,  irregular,  and  in- 
definite^ "cilia"  or  "  flagella,"  when  they  are  rapid  and  occur 
rhythmically  in  a  definite  direction  ;  but  the  two  kinds  of  or- 
gans are  essentially  of  the  same  nature.  It  will  be  convenient 
to  distinguisli  those  Protozoa  which  possess  pseudopodia,  as 
myxopoda,  and  those  which  are  provided  with  cilia  or  fiagella, 
as  mastigopods. 

The  Protozoa  are  divisible  into  a  lower  and  a  higher 
group.  In  the  former — the  Moneka — no  definite  structure  is 
discernible  in  the  protoplasm  of  the  body ;  in  the  latter — the 
Gn^dopi-astica — a  certain  portion  of  this  substance  (the  so- 
called  nucleus)  is  distinguishable  from  the  rest;'  and,  very 
commonly,  one  or  more  "  contractile  vacuoles "  are  present. 
The  name  of  contractile  vacuoleg  is  given  to  spaces  in  the  pro- 
toplasm, which  slowly  become  filled  with  a  clear,  watery  fluid, 
and,  when  they  have  attained  a  certain  size,  are  suddenly 
obliterated  by  the  coming  together,  on  all  sides,  of  the  proto- 
plasm in  which  they  lie.  This  systolic  and  diastolic  move- 
ment usually  occurs  at  a  fixed  point  tn  the  protoplasm,  at  regu- 
lar intervals,  or  rhythmically.    But  the  vacuole  has  no  proper 

'  I  adopt  thi«  diitinetion  u  t,  matter  of  temportrj  convenience,  though 
I  eolecUlii  great  doubt  wbetber  it  will  atand  th«  test  of  further  [nrestigation, 
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wall,  nor,  in  most  cases,  is  any  trace  of  it  discernible  at  the 
end  of  the  systole.  Occasionally,  the  vacuole  certainly  com- 
municates with  the  exterior,  and  there  is  some  reason  to 
think  that  such  a  communication  may  always  exist.  The 
function  of  these  organs  is  entirely  unknown,  though  it  is  an 
obvious  conjecture  that  it  may  be  respiratory  or  excretory. 

The  "  nucleus  "  is  a  structure  which  is  often  wonderfully 
similar  to  the  nucleus  of  an  histological  cell ;  but,  as  its  iden- 
tity with  this  is  not  fully  made  out,  it  may  better  be  termed 
"  endoplast."  It  is,  usually,  a  rounded  or  oval  body  imbed- 
ded in  the  protoplasm,  and  but  slightly  diflferent  therefrom 
in  either  its  optical  or  chemical  characters.  Generally  it  be- 
comes more  deeply  stained  by  such  coloring-matters  as  haema- 
toxylin  or  carmine,  and  resists  the  action  of  acetic  acid  better 
than  the  surrounding  protoplasm. 

In  a  few  Protozoa  there  are  many  endoplasts  in  the  sub- 
stance of  the  body,  and  the  protoplasm  shows  some  tendency 
to  become  partially  differentiated  into  cells.  But  where,  as 
in  the  higher  Infusoria^  the  body  presents  a  definite  organi- 
zation, with  permanently  differentiated  constituents,  which 
may  be  properly  termed  tissues,  these  tissues  do  not  result 
from  the  metamorphosis  of  cells,  but  originate  from  the  pro- 
toplasm directly  by  changes  of  its  physical  and  chemical  char- 
acters. 

Conjugation,  followed  by  the  development  of  germs,  which 
are  set  free  and  assume  the  form  of  the  parent,  has  been  ob- 
served in  several  groups  of  the  Protozoa^  but  it  is  not  yet 
quite  certain  how  far  sexual  distinctions  arc  established  among 
these  animals. 

I. — THE   MONERA. 

In  these  lowest  forms  of  animals  the  entire  living  body 
consists  of  a  particle  of  gelatinous  protoplasm,  in  which 
no  nucleus,  contractile  vacuole,  or  other  definite  structure, 
is  visible  ;  and  which,  at  most,  presents  a  separation  into 
an  outer,  more  clear,  and  denser  layer,  the  ectosarc ;  and 
an  inner,  more  granular  and  fluid  matter,  the  endosarc.  The 
outer  layer  is  the  seat  of  active  changes  of  form,  whereby 
it  is  produced  into  pseudopodia,  which  attain  a  certain 
length,  and  are  then  retracted,  or  are  effaced  by  the  devel- 
opment of  others  from  adjacent  parts  of  the  body.  These 
pseudopodia  are  sometimes  broad,  short  lobes;  at  others,  elon- 
gated filaments.     When  lobate,  the  pseudopodia  remain  dis- 
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tinct  from  one  another,  their  margins  are  clear  and  transpar- 
ent, and  the  granules  which  they  may  contain  plainly  flow 
into  their  interior  from  the  more  fluid  central  part  of  the 
body.  But,  when  they  are  filiform,  they  are  very  apt  to  run 
into  one  another,  and  give  rise  to  networks,  the  constituent 
filaments  of  which,  however,  readily  separate  and  regain  their 
previous  form  ;  and,  whether  they  do  this  or  not,  the  surfaces 
of  these  pseudopodia  are  often  beset  by  minute  gran  ides, 
which  are  in  incessant  motion — like  those  which  are  observ- 
able on  the  reticulations  of  the  protoplasm  of  the  cells  in  a 
Tradescantia  hair. 

The  myxopod  thus  described  moves  about  by  means  of  its 
contractile  pseudopodia,  and  takes  the  solid  matters  which 
serve  an  its  food  into  all  parts  of  its  body  by  their  aid  ;  while 
the  undigested  exuvia  of  the  food  are  rejected  from  all  parts 
of  the  bodv  in  the  same  indiscriminate  way.  It  is  an  organ- 
ism which  IS  devoid  of  any  visible  organs  except  pseudopodia ; 
and,  so  far  as  is  known  at  present,  it  multiplies  by  simple  di- 
vision. 

The  Protamceba  (with  lobate  pseudopodia)  and  Protoge- 
nes  (with  filamentous  pseudopodia),  of  Haeckel,  are  Monera 
of  this  extremely  simple  character.  In  Myxodictyum  (Haeck- 
el) the  pseudopodia  of  a  number  of  such  Monera  run  togeth- 
er, and  give  rise  to  a  complex  network,  or  common  Plasmo- 
dium, 

It  is  open  to  doubt,  however,  whether  either  Protamoebay 
ProtogeneSy  or  Myxodictyumy  is  anything  but  one  stage  of  a 
cycle  of  form^,  which  are  more  completely,  though  perhaps 
not  yet  wholly,  represented  by  some  other  very  interesting 
Moneray  also  described  by  Haeckel. 

Thus,  the  genus  Vampyrella  is  a  myxopod  with  filamen- 
tous pseudopodia,  a  species  of  which  infests  one  of  the  stalked 
Diatomaceae,  Oomphonemay  feeding  upon  the  soft  parts  of  the 
frastules  of  its  host,  by  inserting  some  of  its  pseudopodia 
through  the  raphe  of  the  frustule,  which  it  envelops,  and 
absorbing  the  contained  protoplasm.  Having  thus  provided 
itself  with  abundant  nourishment,  by  creeping  from  frustule 
to  frustule  of  the  Gomphonemay  it  thrusts  aside  the  last 
evacuated  frustule  from  its  peduncle,  and,  taking  its  place, 
draws  in  its  pseudopodia,  becomes  spherical,  and  surrounds 
itself  with  a  structureless  cyst,  inclosed  in  which  it  remains 
perched  upon  the  peduncle  of  the  Gomphonema.  Soon  its 
protoplasm  undergoes  division  into  four  equal  masses,  and 
each  of  these,  becoming  converted  into  a  young  Vdtnpyrellay 
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Mcspii*  from  Lhe  cjiBt,  and  recommeaces  the  predatory  lifs  <t 
ita  parent.     In  tbia  cue  the  inyxo[)od  becomes  cocysted,  an 
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;hen  undergoes  fisEion  into  bodies,  each  of  ^rhich  passes  direct- 
y  into  the  fonn  of  the  parent. 

In  another  genus  {Myxaatrum)  an  additional  complication 
8  introduced ;  the  myxopod  becomes  encysted,  and  then  di- 
rides  into  manj^  portions  ;  each  of  these  elongates,  and  sur- 
x>uads  itself  with  a  delicate,  fusiform,  silicious  case.  Thua 
inclosed,  the  germs  are  set  free  by  the  bursting  of  the  cyst ; 
ind,  after  a  while,  the  contents  of  the  silicious  cases  emei^, 
Knd  pass  at  once  into  the  myxopod  state. 

In  other  genera,  not  only  does  the  myxopod  become  en- 
cysted before  it  undergoes  fissive  multiplication,  but  the  forms 
thus  produced  differ  from  the  myxopod  in  being  free-swim- 
ming oi^nisms,  propelled  by  a  long  vibratile  filament  or  fla- 
gellum,  like  those  flagellate  Infitsoria  which  are  termed  "  mo- 
nads." After  swimming  about  for  a  while,  these  mastigopoda 
draw  in  their  flagella,  and  become  creeping  mysopods.  This 
cycle  of  forma  is  exhibited  by  the  genua  Protomonaa  of 
Haeckel.  Lastly,  in  I^otomyxa  {Fig.  1)  (Haeckel),  there  is 
an  alternation  of  a  mastigopod  (d)  with  a  myxopod  form  (e),  aa 
in  Prototnonae.  But  each  myxopod  does  not  usually  become 
encysted  alone.  On  the  contrary,  a  certain  number  of  the 
myxopods  unite  together,  and  become  fused  into  an  active 
Plasmodium  {f),  wbich  exhibits  no  trace  of  their  primitive 
separation.  The  plasmodinm  becoming  quiescent  and  sphe- 
roidal, surrounds  itaelf  with  a  structureless  cyst  (a),  divides 
into  numerous  portions  (h),  which  are  converted  into  flagellate 
mastigopods,  and  these  finally  return  to  the  myxopod  condi- 
tion (c,  d,  e).  The  cycle  of  hfe  is  here  singularly  similar  to 
that  presented  by  the  Myxomycetea,  which  have  hitherto  been 
usually  regarded  as  plants. 

There  is  no  means  of  knowing  whether  the  cycle  of  forms 
presented  by  Protomonas  and  Protomyxa  is  complete,  or 
ivhether  some  term  of  tho  series  is  still  wanting;  and,  con- 
udering  how  low  down  among  plants  the  sexual  process  oc- 
curs, it  seem.s  quite  possible  that  some  corresponding  sexual 
Drocess  yet  waits  to  be  discovered  among  tho  Monera.  It  is 
visible  that  the  fusion  of  separate  Myxodiciya  and  Proto- 
iiyxoB  into  a  plasmodium  maybe  a  process  of  sexual  conjuga- 
non.  On  the  other  hand,  it  may  well  be  that  these  extremely 
(imple  organisms  have  not  yet  reached  the  stage  of  sexual 
llfferentiation. 

Thb  FoBAKimFXKA. — Doubtless  many  Monera  remain  to 
)e  difloorered,  but  they  will  probably  be  minute  and  inconspic- 
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u'tii^  qr!Fani»m»  like  th«  nujoriiT  of  il»:«e  aln«dr  described. 
'\'\n-  {■■iritiuini}\r'i.  nn  the  Other  ciaJ.  »re  Monera  of  the 
PfiA'igf.ii'.n  type,  which,  nevertheless,  plar  And  lure  plared  an 
iifi[Kirtani  part  in  the  histon'  of  the  ^o6e.  br  n^oson  of  tbeir 
pdwcrof  fuliricaiiaz  skeletons  or  s6«ls.  which  mar  be  com- 
{MKHft  rif  )i'<riiy  tcliilinoiis?!  nutter,  or  of  carbonate  of  lime, 
nr-'Ti^tv'l  from  the  water  in  which  tfaev  live,  or  msT  be  fabri- 
atcil  fiv  fitii^kinz  toirether  eslianeous  mailer,  such  as  p>^ 
IH-^  of  M.1.1.     "       " 

Till-  tjrst  step  from  such  anornnism  as  Protojtentt  to  the 
luiriiinhilf'r'i  is  seen  in  Liebtrkuhni'i  of  Claparede,  wliere 
lli>!  [ifi'-ii'lorKHlia  arc  f^ircn  off  front  oolr  a  small  pan  of  tbe 
Hiirf^i':"  'if  tlie  body,  iht.-  rest  remaining  naked  and  flexible. 

Ill  Oromia  there  is  a  similar  restnclloa  of  the  area  from 


/■C." 


ml'ijMxlia  proceed,  but  the  rest  of  tbe  bodr  is  in- 
o  itr  a  membranous  substance.  Let  tLia  cas« 
i-ii  hi-  the  attachment  of  foreign  bodies — as 
|ifi[it'^i'!K  111  Kiind,  or  fraf^ments  of  sheliv  matter,  as  in  the  so- 
t!>\\i-A  »rfTi:ii-r-oiis  Foraminifcra — or  let  a  deposit  of  calca- 
rf'iw  KiillH  liilc-  (ilrico  in  it,  and  tbe  Gromia  would  be  coa- 
vi-rli- 1  iiil'i  n  Fiirniniinler. 

Till-  iiiliiiilcly  diversified  characters  of  tbe  skeleton  of  the 
I'' irnm  ill  i/'i-rii  i{f\n'ni\ — firstly,  upontbe  structure  of  tbe  skele- 
ml  Hiil>ilari''«  it.Hi-lf  ;  and,  Eccondly,  upon  the  form  of  the  pro- 
i'>phiHirii':  l>'>r!y,«ltich  last,  again,  is  largely  dependent  upon 
Wu:  triuiiti'T  in  whii'h  successive  buds  of  protoplasm  are  devel- 
'ij.(!il  fnim  llif-  parent  mass,  which,  to  begin  with,  is  always 
siinrili:  in  form  and  commonly  globular. 

l^n  substance  of  the  calcareous  skeleton  itself,  whatever 
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be  its  form,  is  either  perforated  or  imperforate.  In  the  Jm- 
perforata  { Gromidce,  LUititidee,  MiliolidcE)  the  pseudopodia 
are  protruded  from  only  one  end  of  the  body,  the  rest  of 
which  is  cut  off  from  the  exterior  bv  the  skeleton.  In  the 
I*erforata  the  subatance  of  the  shell  is  traversed  by  more  or 
lesa  delicate  canals  filled  with  the  protoplasm,  which  thus 


a.  a— Dlunna  or  ^onn>ilfU<<ni.— .1,  monothiliintaD  :  it,  C,  DolvtbaUmlin;  / 

twrlionliiJ ;  find  ^.Tullcal  aectioDii  of  beUcold  Ibrm.    h\  E,  l\t '^ 

neb  lorn  of  lbs  iplral  orcilip  Ihdr  predeeceiora  n' " 


ra  and  coDceil  Uwm,  aa  In  tbe 


reaches  the  surface  and  g^ivea  off  pseudopodia  nil  over  the 
body.  Hence,  while  the  hard  parts  of  the  Imperforata  form 
a  sort  of  exoskeleton,  those  of  the  Perforata  have  rather 
the  nature  of  an  endoskeleton. 

The  simplest  skeletons  are  spherical  or  flask-shaped,  and 
Bingle-^hambered.  But  complication  arises  by  the  addition 
of  new  chambers,  which  may  form  a  linear  series,  or  be  coiled 
upon  one  another  in'  various  ways,  or  be  irreguUrly  aggre- 
gated. Moreover,  the  new  chambers  may  overlap  those  al- 
ready formed  in  different  degrees,  and  the  interspaces  between 
the  walls  of  the  chambers  may  be  variously  filled  up  by  sec- 
ondary deposition  until  such  large  and  apparently  compli- 
cated bodies  as  the  Nummulites  are  huilt  up. 

The  Foraminifera  are  almost  all  marine  animals,  living 
in  the  sea,  from  the  surface  to  great  depths,  sometimes  free, 
ajid  sometimes  attached  to  other  bodies. 

The  investigations  of  Major  Owen,  coniirmcd  and  extend- 
ed by  the  recent  work  of  U.  M.  S.  Challenger,  have  proved 
that  such  forms  as  Qlobigerina,  Pulvintdaria,  and  Oroulina, 


>  ::.:   i>..:  \T  or  ixtektebrated  animals. 

•  ■■-  :  •.".-:::     y^-'.i.i'x  rf  all  lempente  and  tropical 

>  .**  :         :   c  '■'■    '    ■■.  r.  :;e  J^f'.fi-J'.rn'a  and   the   diatoma- 
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-.-.v.:  >     .■..•.>■■.     :*  Sk  r:  0,  chalky  coze  made  up  of 

.  :    .-.     .:  -  ■\v.-. ::  >  .:  iux^^  Foniinhiifcra  and  their 

j,>^ . • >  ,-.  ..  ••     *..•..»   I ■». 

\.  '   ...  :•;•  :.\;v.  :-.!..■':  ,=:>  , . -:j.::\  ihoiefore,  that  some  of  the 

,     .  N .  .    J.  ..:  >  >  >       :.     V^«v-:  i:a:ion  to  I  he  bottom  of  the 

>■»      .-■  ^        .....•..•''■■,•,  /*.4/i-rni//t/rftr, and  OrbuUncB^ 

:.\   \  :  : -..:   ■.:  ;'  ^*  ::.-.•   ;  ::5  this  ori«rin.     On  the  other 

.-  ..N   ./  '.   .'.:  .'.  ^Ti.iT.r  .T  smaller  proportion  of  these 

y        .    .  '.   .:  -*...'..\  '.-.^ .    ,-:   ::  0  IxMiom,  as  their  congeners 

"      .  VV  • '      *     ^        •      ■       .    -  .i^i        •    ••«-■■  c 

■  :  :  -.s  •  .I*.:  s;.:  l  ::■.*.:  i:  t  ivr<iixion  of  the  surface-waters 
:•.::  1  --...':■.:;.  ••.  n»  ". ':.  :'s>  ;;:<:  Kvn  described  obtains  in  all 
Xi"  ;  vr.:  •  .;:  I  ':.:  >x*i>  :  v  r,  <;H;:kir£r  roughly,  for  55°  on 
I'.:  ■  r  >.:■.'  .:  :..s*  i\r.:ji:v  r.  "i\  wriTti  ilio  northern  and  south- 
tr!'.  "!::  us  v :  ::  >  .v  v.o  i-:o  F.  -  v.  •"■;»]  rem  diminish,  while  -ffa- 
.:"  " :  "'  r  :t  ::•...:*.  nr.-.i  /':.:r  •  i-.?  '.'r  inort'ase  in  proportion,  so 
t'':.:T.  :::  ih  ■  ^  •.'o.:v.:i  ^  l.-.r  ari;i<  north  and  south  of  ilO^  in  each 
Iii'Tiii-jiijrrv.  :''  I*  >;:::.;v'<^orira!r.?'ir.s  are  chiefly  such  as  have 
si!iri^'\:<  <ki'lii »•::<.  In  :uvv^n.iar.oo  with  this  condition  of  the 
siir::ikV-l::V,  iho  I'vZi*  ivvorin^  i!:o  soa-lxMtom  in  these  regions 
i'i  no  k»ni:-or  oalv*aivou<  but  silioious,  being  composed  of  the 
casfs  I'f  l)iato!ns  :inu  the  «koletcns  of  Hadi'ofan'a  often 
liir;rflv  niix«'d  with  i.v,  drifted  mud,  stones,  cravel,  and  bowl- 
(h'ls. 

l(  we  suppose  t!io  gU>l>o  to  bo  uniformly  covered  with  an 
oroan  1,000  ial bonis  deep,  the  solid  land  forming  its  bottom 
would  be  out  of  reach  of  rain,  waves,  and  other  agents  of 
<l'';rratlalion,  and  no  sedimentary' deposits  would  be  formed. 
Hut  if  Foramifuftrn  and  Diatoms,  following  the  same  laws 
of  distribution  as  at  present  obtain,  were  introduced  into 
this  ocean,  the  fine  rain  of  tlieir  silicious  and  calcareous  hard 
parts  would  commence,  and  a  circumpolar  cap  of  silicious 
deposit  would  l>egin  to  make  its  appearance  in  the  north  and 
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in  the  south  ;  while  the  intermediate  zone  would  be  cohered 
with  Qtobigerina  ooze,  containing  a  comparatively  small  pro- 
portion of  silicious  matter.  The  thickness  of  the  calcareo- 
silicious  and  silicious  beds  thus  formed  would  be  limited  only 
by  time  and  the  depth  of  the  ocean.  These  strata,  once  ac- 
cumulated, would  be  liable  to  all  those  influences  of  percolat- 
ing moisture  and  subterraneati  heat  which  are  known  to  suf- 
fice to  convert  silicious  matters  into  opal,  or  qiiartzite,  and 
calcareous  matters  into  the  various  forms  of  limestone  and 
marble.  And  such  metamorphic  agencies  might  more  or  less 
completely  obliterate  the  traces  of  their  primitive  structure. 

But  yet  other  changes  might  be  efTeoted.  At  the  present 
day,  in  the  Gulf  of  Mexico,  off  the  Agulhas  Bank  and  else- 
where, at  no  great  depths  (100  to  300  fathoms)  the  Fora- 
miniferal  mud  is  undergoing  a  metamorphosis  of  another 
character.  The  chambers  of  the  Foraminifera  become  filled 
by  a  green  silicate  of  iron  and  alumina,  which  penetrates  into 
even  their  finest  tubuli,  and  takes  exquisite  and  almost  in- 
destructible casts  of  their  interior.  The  calcareous  matter  is 
then  dissolved  away,  and  the  casts  are  left,  constituting  a 
fine  dark  sand,  which,  when  crushed,  leaves  a  greenish  mark, 
and  is  known  as  "  green-sand," 

Moreover,  the  researches  of  the  Challenger  have  shown 
that  in  great  areas  of  the  Atlantic  and  PaciBc  Oceans  over 
which  the  sea  has  a  depth  exceeding  2,400  fathoms — areas  in 
Borne  cases  of  many  thousand  square  miles  in  superficies — the 
bottom  is  covered  not  by  Globigerina  ooze,  but  by  a  fine  red 
clay,  which  is  also  a  silicate  of  iron  and  alumina.  In  this  clay 
no  remains  of  Qtobigerina  or  other  calcareous  organisms  are 
found  ;  but,  where  these  great  depths  gradually  pass  into  shal- 
lower water,  they  make  their  appearance  in  a  fragmentary 
condition — gradually  becoming  more  and  more  perfect  as  the 
depth  diminishes  to  3,400  fathoms  or  thereahouts. 

Nevertheless  the  QlobigeriniM  and  other  Foraminifera 
abound  at  the  surface  over  these  areas  as  they  do  elsewhere, 
and  their  remains  must  be  rained  down  upon  it.  Why  they 
disappear,  and  what  relation  the  red-clay  mud  has  to  them,  is 
a  problem  not  yet  satis&ctorily  solved.  It  has  been  suggested 
that  they  are  dissolved  and  that  the  red  clay  is  merely  the 
insoluble  residue,  left  after  the  calcareous  portion  of  their 
skeletons  has  disappeared.  In  this  case  the  red  clay,  like  the 
Qtobigerina  ooze,  the  silicious  mud,  and  the  green-sand,  will 
be  an  indirect  product  of  living  action. 

Hetamorpbio  prooessea  operating  upon  clay,  however,  may 


82  THE   ASATOMT   OF  IS\"EBT£3KATED   ANTMALa 

convert  it  into  alale  ;  and  tbu?,  all  the  fundamental  mtnenilf 
ol  which  rock-masRcs  are  composed  may  liave  fcrtned  pait  of 
living  or^nisms,  thouf^h  no  trace  of  their  origin  may  be  dia- 
cemible  in  them  in  their  final  state. 

Paleontology  lends  much  support  to  the  view  that  what 
is  here  sug^sted  as  a  theoretically  possible  origin  of  much 
of  tho  superficial  crust  of  the  globe  may  have  been  its  actual 
origin. 

The  nummulitic  limestones  of  the  Eocene  epoch  eoveran 
enormous  area  of  Central  and  Southern  Europe,  Norlh  Africa, 
West  Asia,  and  India.  And  their  chief  mass  is  made  tip  of 
the  more  or  less  melamorpboscd  remains  of  I^oramirtf^tra. 

The  beds  of  ohalk  whioh  underlie  the  nummulitic  lime- 
stones, and  occupy  a  still  greater  area,  are  esseniially  iden- 
tical with  the  Olobifftrina  ooze,  the  s[>ecieB  of  Globifferina 
found  in  it  being  indistinguishable  from  those  now  living. 
The  remains  of  turaminiftra  have  been  detected  in  the  lime- 
stones of  all  epochs  as  far  as  the  Silurian,  and  Ehrenberg  dis- 
covered that  an  old  Silurian  green-sand,  near  St,  Petersburg, 
is  composed  of  casta  of  Fofamhiiftra  just  such  as  are  now 
being  formed  in  the  Gulf  of  Meiico.  And  if  the  Eozoon  Cana- 
drnsc  be,  as  it  appears  to  be,  nothing  but  an  incnisting  fonn 
of  Foraminifer,  the  existence  of  these  oganisms  is  carried  back 
to  an  epoch  far  beyond  that  at  which  any  other  evidence  of 
life  hns  vet  been  found.  So  that  it  is  possible  that,  as  Wy- 
%'iUe  Thomson  has  suggested,  the  enormously  thick  "azoic" 
slaty  and  other  rocks,  whioh  constitute  the  Ijiurentian  and 
Cambrian  formations,  may  be  to  a  great  extent  the  metamor- 
phosed products  of  Foraminiferal  life. 

Hence  the  words  of  Linnseus  may  be  literally  true  : 

neo  vice  veiw.    i 

And  there  mav  be  no  part  of  the  common  rooks,  which  enter 
into  the  earth's  crust,  which  has  not  passed  through  a  living 

organism  at  one  time  or  another. 


II, — niB    EinwrLASTICA. 

1,  The  Radiolaria. — Moat  species  of  the  genus  Aetino- 
phryx  or  "sun-animiilciile,"  which  is  common  in  ponds,  are 
simply  free-swim  mi  tie  mvxopoda  with  sliffish  pseiidopodia, 
which  radiate  from  all  sides  of  the  globular  bcwly.  The  sub- 
stance of  the  latter  presents  one  op  more  "  contractile  spaces  " 
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or  **  vacuoles,"  which,  rhythmically,  become  distended  with 
water,  and  are  then  obliterated  by  the  contraction  of  the  sur- 
rounding protoplasm.  But  in  the  Actinophrya  (or  more 
properly  Actinosp/uerium)  EichorJiii  (Fig.  4),  the  central 
part  of  the  protoplasm  is  distinguished  from  the  rest  by  cou- 
taininjK  a  number  of  endoplasts.  It  thus  leads  to  the  Radiola- 
ria  {Polycittina  of  Ehrenbei^),  the  simplest  forms  of  which 


Fm.  *.-AtaM)*phaHvn  EbMumii  (after  Hortwig  «id  Irtiier.  "  Deber  Ebliopo- 

dm."  Sehulie'B  ArotalT.IBTfl). 
a^"5fSe'{i^\>e^  mS^h'Sp^^rorJ  ■>.  P'enaopodta  with  lUff ailil  .nb- 
m.~A°"iV^°nK  .SuS^fiSlSk,  witli  oulj  two  nuclei  ud  two  peeadopodli, 

mneh  nnjialflod. 

consist  essentially  of  a  myxopod  provided  with  filamentous, 
radiating,  and  often  anastomosing,  raeudopodia.  The  centre 
of  the  body  is  occupied  by  a  capsule  filled  with  protoplasm ; 
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this  Bom«Umes  conuins  only  an  oil-globiile,  «t  othew  ceJIs,  « 
nuclei,  »nd    crystaUine  bwiies.     In  the  layer  of  protopJsam 


topliim,  mignltMp 


from  which  the  paeudopodia  proceed,  cell aeform  bodies  a  ,_ 
bright-yeilow  color,  which  hove  been  found  to  contain  starch, 
are  usually  developed,'  aud  this  layer  also  gives  rise  to  a  skele- 
ton o£  u  horny,  or,  more  usually,  silicious  character,  which 
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may  hare  tbe  form  of  detached  spicula,  or  of  coarticulated 
rods,  or  of  networks,  or  of  plates  of  Hilicioug  matter,  often  of 
the  most  exquisite  delicacy  and  beauty.  Most  of  the  Radi- 
olaria  are  simple,  solitary,  and  microscopical  in  size  ;  but 
some,  such  as  CoUoaphcera  and  Sphcerozoum  (Figs.  5  and  6), 
Sire  formed  of  a^regates  of  such  simple  fonns,  and  float,  as 
visible  gelatinous  masses,  at  tbe  surface  of  the  sea,  which  is 
the  habitation  of  the  great  majority  of  the  JRadtolaria. 

The  manner  of  multiplication  and  the  development  of  the 
Jtadiolaria  have  Dot  yet  been  thoroughly  worked  out.  Cien- 
kowsky,  however,  has  observed,  in  CoUosphcera,  that  the 
protoplasm  contained  in  the  central  cHpsulc  breaks  up  into 
numerous  rounded  masses.  The  several  capsules  which  are 
associated  together  in  the  compound  Radiolarian  then  be- 
come isolated,  by  the  dissolution  of  the  protoplasm  which 
invested  and  connected  them,  and  linally  burst,  giving  exit 
to  the  rounded  bodies;  which,  while  yet  within  the  capsules, 
were  observed  to  be  in  active  motion.  The  germs  (for  such 
they  appear  to  be)  thus  set  free  are  0.008  mm.  long,  ovate, 
and  carry  two  flagelUform  cilia  at  their  narrow  ends;  so  that 
ihey  are  "  monads."  E^ob  has  io  its  interior  a  crystalline  rod 
and  a  few  minute  oU-globules.  The  further  development  of 
these  mastigopods  has  not  yet  been  traced  ;  but,  if,  as  is 
probable,  they  pass  into  young  Jiadiolaria  (wliich,  according 
to  Hacckel,  possess  no  capsule,  but  resemble  Actinosphw- 
ria),  the  Radiolaria,  as  members  of  the  Endoplastica,  would 
typify  Protomonaa  among  the  Monera,  Neither  conjugation 
nor  fission  has  been  observed  among  the  ordinary  Radio- 
laria,  but  both  these  processes  take  place  in  Actinospkee- 
rium/  and,  considering  the  resemblance  of  the  young  Radio- 
laria to  Actinosphcerium,  it  seems  probable  that  conjugation 
and  fission  will  yet  be  discovered  among  them. 

Actinoephcmium  has  been  observed  to  undergo  multipli- 
cation, by  division  of  its  central  substance  into  a  certain 
number  of  spheroids,  and  every  spheroid  becomes  inclosed  in 
a  silicious  case.  After  a  period  of  rest,  a  young  ActinosphcB- 
rium  emerges  from  each  of  these  cysts. 

The  marine  Radiolaria  all  inhabit  the  superficial  stratum 
of  the  sea,  and  must  fabricate  their  skeletons  at  the  expense 
of  the  infinitesimally  small  proportion  of  siler  which  is  dis- 
solved in  sea-water;  but,  when  they  die,  these  skeletons  sink 
to  the  bottom,  and  there  accumulate,  together  with  the  Fora' 
minifera,  in  warm  and  temperate  regions ;  and  with  the 
cases  of  tbe  diatomaceous  plants,  which  abound  at  the  sur- 
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face,  along  with  the  Radiolaria^  all  over  the  globe  {see  p.  80). 
The  late  investigations  of  Archer  and  others  have  demon- 
strated the  existence  of  a  considerable  number  of  fresh-water 
jRadiolaria, 

Extensive  masses  of  tertiary  rock,  such  as  that  which  is 
found  at  Oran,  and  that  which  occurs  at  Bissex  Hill,  in  Bar- 
badoes,  are  very  largely  made  up  of  exquisitely  preserved 
skeletons  of  Radiolaria.  But,  though  there  can  be  little 
doubt  that  Radiolaria  abounded  in  the  Cretaceous  sea,  none 
are  found  in  the  chalk,  their  silicious  skeletons  having  prob- 
ably been  dissolved  and  redeposited  as  flint. 

2.  The  Protoplasta, — The  proper  Amcehm  have  broad 
and  ovate  pseudopodia,  and  resemble  I^otamceba  (p.  75)  very 
closely ;  but  they  present  an  advance  upon  its  structure,  by 
exhibiting  a  distinct  endoplast  (nucleus)  and  a  contractile 
vacuole.  In  Arcelhy  there  are  many  such  nuclei.  They  thus 
stand  in  somewhat  the  same  relation  to  Protamceha  as  A.cti' 
nophrys  does  to  Protogcnes, 

Moreover,  there  are  Amcehm  in  which  the  power  of  throw- 
ing out  pseudopodia  is  confined  to  one  region  of  the  body; 
and  others,  as  Arcella^  in  which  a  shell  is  formed  over  the 
rest  of  the  body.  In  other  Amcehce^  as  A,  radioea^  the  pseu- 
dopodia are  few,  narrow,  and  but  little  mobile.  But  the 
Amceboe  present  no  such  diversity  of  skeletal  development  as 
the  Foraminifera  do.  Tliey  multiply  by  division,  and  in 
some  cases — e.  g.,  A,  sphwrococctts  of  Haeckel — become  en- 
cysted before  they  divide. 

Amoebce  (the  "  proteus  animalcules  "  of  the  older  writers) 
are  not  uncommon,  and  sometimes  are  very  abundant,  in 
fresh  waters  ;  they  also  occur  in  damp  earth  and  in  the  sea, 
but  there  is  much  doubt  whether  manv  of  them  are  to  be 
regarded  as  independent  organisms,  or  whether  they  are  not 
rather  stages  in  the  development  of  other  animals  or  even 
of  plants,  such  as  Myxomycetes.  Leaving  out  the  contractile 
vacuole,  the  resemblance  of  an  Amoeba  in  its  structure,  man- 
ner of  moving,  and  even  of  feeding,  to  a  colorless  cqrpuscle 
of  the  blood  of  one  of  the  higher  animals  is  particularly  note- 
worthy.* 

3.  The  Gregarinid^  are  very  closely  allied  to  the  -4m{»- 
5^,  but,  in  the  cycle  of  forms  through  which  they  pass,  they 
curiously  resemble  Myxastrum,     In  form  they  are  spheroidal 

1  ContrActile  yaeiioles  have  been  observed  in  the  colorless  blood-coipua- 
des  of  Amphibia  under  certain  conditions. 


TOE  GREOARDflD^. 


or  elongated  oval  bodies,  sometimes  divided  by  constrict 
into  segments.      Occasionally,  one  end  of  the  body  is  pro- 
duced into  a  sort  of  rostrum,  which  mny  be  aimed  with  r^tM 
curred  homy  spines. 

In  the  ordinary  Gregarintx,  the  body  prcHents  a  dense 
cortical  laver  (ectosarc)  and  a  more  fluid  inner  substanod 
(endossrc),  io  which  last  the  endoplast  (nucleuB)  is  imbedJ 
■  ded.  The  presence  of  contractility  is  manifested  merely  bjiT 
slow  changes  of  form,  and  nutrition  appears  to  be  effected  t^ 
the  imbibition  of  the  fluid  nutriment,  prepared  by  the  organirf 
of  the  animals  in  which  the  Greffarince  are  parasitic.  There^ 
is  no  contractile  vacuole. 

The  Gregarinre  have  a  peculiar  mode  of  multiplication, 
■ometimes  preceded  by  a  process  which  resembles  conju- 
gation. A  single  Gregarina  {or  two  which  have  become 
■pplied  together)  surrounds  itself  wiih  a  stnicluielesa  cyst. 


The  nucleus  disappears,  and  the  protoplasm  breaks  up  (in 
manner  very  similar  to  that  in  which  the  protoplasm  of  ■ 
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sporangium  of  Mucor  divides  into  spores)  into  small  bodies, 
each  of  which  acquires  a  spindle-shaped  case,  and  is  known 
as  a  pseudo-navicella.  On  the  bursting  of  the  cjst  these 
bodies  arc  sot  free,  and,  when  placed  in  favorable  circum* 
8tanc(*s,  the  contained  protoplasm  escapes  as  a  small  active 
body  like  a  Protamceba.  M.  E.  van  Beneden  has  recently  dis- 
covered a  very  large  Gregarina  {G.  gigantea)^  which  inhab- 
its the  intestine  of  the  lobster,  and  bis  careful  investigation 
of  its  structure  and  development  has  yielded  very  interesting 
results. 

Gregarina  gigayitea  attains  a  length  of  two-thirds  of  an 
inch.  It  is  long  and  slender,  and  tapers  at  one  extremity, 
while  the  other  is  obtuse,  rounded,  and  separated  by  a  slight 
constriction  from  the  rest  of  the  bodv,  which  is  cvlindroidaL 
The  outer  investment  of  the  body  is  a  thin  structureless  cu- 
ticle ;  beneath  this  lies  a  thick  cortical  layer  (ectosarc),  dis- 
tinguished by  its  clearness  and  firmness  from  the  semifluid 
central  substance  (cndosarc),  which  contains  many  strongly- 
refracting  granules.  In  the  centre  of  the  body,  the  ellipsoid 
'*  nucleus,"  with  its  "  nucleolus,"  fills  up  the  whole  cavity  of 
the  cortical  layer,  and  thus  divides  the  medullary  substance 
into  two  portions.  The  body  of  this  Gregarina  may  present 
longitudinal  striations,  arising  from  elevations  of  the  inner 
surface  of  the  cortical  layer,  which  fit  into  depressions  of  the 
medullary  substance  ;  but  these  are  inconstant.  On  the  other 
hand,  there  are  transverse  striations  which  are  constant,  and 
which  arise  from  a  layer  of  what  are  apparently  muscular 
fibrillnp,  developed  in  a  peripheral  part  of  the  cortical  layer, 
immediately  below  the  cuticle.  The  fibrillae  themselves  are 
formed  of  elongated  corpuscles  joined  end  to  end.  A  trans- 
verse partition  separates  the  cephalic  enlargement  from  the 
body,  and  the  layer  of  muscular  fibres  only  extends  into  the 
posterior  purt  of  the  enlargement. 

The  embryos  of  Gregarina  gigantea,  when  they  leave 
their  pseudo-navicella?,  are  minute  masses  of  protoplasm  simi- 
lar to  Protamcehoej  and  like  them  devoid  of  nucleus  and  con- 
tractile vacuole.  They  soon  cease  to  show  any  change  of 
form,  and  acquire  a  globular  shape,  the  peripheral  region  of 
the  body  at  the  same  time  becoming  clear.  Next,  two  long 
processes  bud  out  from  this  body ;  one  is  actively  mobile,  the 
other  still.  The  former,  detaching  itself,  assumes  the  appear- 
ance and  exhibits  the  motions  of  a  minute  thread-worm, 
whence  M.  van  Beneden  terms  it  a  pseudo-JUaria,  The  en- 
largement at  one  end  becomes  apparent,  the  pseudo-filaria 
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passes  into  &  quiescent  state,  and  the  "nucleolus  "  makes  its 
appearance  in  its  interior.  Around  this  a  clear  layer  is  differ- 
entiated, giving  rise  to  the  "  nucleus,"  and  the  pseudofjlaria 
passes  into  the  condition  of  the  adult  Gregaritia  gigantea. 

4.  The  Catallacta  of  Haeckel,  represented  by  the  genua 
Jfago*ph(Era,  are,  in  one  stage,  myxopcda  with  long  pseudo- 
podia,  which,  broad  and  lobe-like  at  tlie  baee,  break  up  into 
line  filaments  at  their  ends,  and  may  therefore  be  said  to  be 
intermediate  between  those  of  ProtogtHes  and  those  of  Prot- 
amceba.  The  myxopod  is  provided  with  a  distinct  endoplast 
and  a  well-marked  contractile  space.  When  fully  fed,  it  se- 
cretes a  cyst  and  divides  into  a  number  of  masses,  each  of 
which  is  converted  into  a  conical  body,  with  its  base  turned 
outward  and  its  apex  inward.  These  conical  bodies  are  im- 
bedded in  gelatinous  matter,  and  thus  cohere  into  a  ball,  from 
the  centre  of  which  thej  radiate.  Each  develops  cilia  around 
its  base,  and  contains  an  endoplast  and  a  contractile  vacuole. 
After  the  complex  globe  thus  formed  has  burst  its  envelope, 
it  swims  about  for  a  while,  like  a  Volvox.  The  several  cilia- 
ted animalcules  feed  by  taking  in  solid  particles  through  the 
disk.  They  then  separate,  and,  finally,  retracting  their  cilia, 
become  myiopods  such  as  those  with  which  the  series  started. 
Magospheera  is  thus  very  nearly  an  endoplastic  repetition  of 
the  moneran  J*rotomonas — the  mastigopod  being  provided 
with  many  small  cilia,  instead  of  with  a  couple  of  large  fla- 
gella.  On  the  other  hand,  the  Catallacta  are  closely  allied 
to  tbe  next  group,  and,  I  am  disposed  to  think,  might  well  be 
included  in  it. 

5.  The  Ikftsobia. — Excluding  from  the  miscellaneous  as- 
semblage of  heterogeneous  forms,  which  have  pussed  under 
this  name,  the  Desmidife,  Diatotnacccc,  Volvocinea,  and 
Vi^rionidix,  which  are  true  plants,  on  the  one  hand  ;  and  tbe 

comparatively  highly-organized  Jiotifera,  on  the  other  ;  there 
remain  three  assemblages  of  minute  organisms,  which  may  be 
conveniently  comprehended  under  the  general  title  of  Infu- 
soria. These  are — (a)  the  so-called  "  Monads,"  or  Infusoria 
flageliata ;  (b)  the  Acinetce,  or  In/uaoria  ten tacvli/er a/  and 
(c)  the  Infusoria  ciliata. 

(a.)  Tbr  FukGELLATA, — These  are  characterized  by  pos- 
sessing only  one  or  two  long,  whip-like  cilia,  sometimes  (when 
more  than  one  are  present)  situated  at  the  some  end  of  the 
body,  sometimes  far  apart.  The  body  very  generally  exhib- 
its an  endoplast  and  a  contractile  vacuole.  There  is  no  per- 
manently open  otal  aperture,  but  there  is  an  oral  region,  into 
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w\\\v\\  tho  fiHxl  is  forced,  and,  passing  into  the  endosarc,  re- 
iiitiins  for  M>iuo  timo  surrounded  by  a  globule  of  contempo- 
rnnrouHly  ingt'stod  water — a  so-called  "  food-vacuole."  Prol 
11.  .liiiu(*(4  riurk,  who  has  recently  carefully  studied  the  ^a- 
(frUxtttt^  points  out  that,  in  BicoBceca  and  Codonceca,  a  fixed 
nuniadifonu  lK>dy  is  inclosed  within  a  structureless  and  trans- 
pnnMit  calyx.  In  Codosiga  a  similar  transparent  substance 
rist*s  tip  nnind  the  Imsc  of  the  fiagellum,  like  a  collar.  In 
tS(i/)>f/if/(«*(Vf  tho  collar  around  the  base  of  the  fiagellum  is 
ooiiihiiuMi  \^ithu  calycino  investment  for  the  Avhole  animal. 
In  .l/*M(7»/*»/^(r,  there  are  two  motor  organs — the  one  a  stout 
and  ooni]varativrly  stiff  llagellum,  which  mores  by  occasional 
jerks,  and  the  other  a  very  delicate  cilium,  which  is  in  con- 
stant vihratorv  motion. 

The  discn^pancy  l>etween  the  two  kinds  of  locomotive 
organs  attains  its  maximum  in  Anisonemaj  which  p^resents 
interesting  points  of  resemblance  to  Noctiluca, 

Multiplication  by  longitudinal  fission  was  observed  in 
Codoshja  and  Anthophysa^  and  probably  occurs  in  the  other 
gt'uera.  In  Codosiga  the  ilagellum  is  retracted  before  fission 
takes  phuM%  but  the  bmly  does  not  become  encysted  ;  in  An- 
t/iop/n/S(t  the  body  assumes  a  spheroidal  form,  and  is  sur- 
roniuitMl  by  a  stnictun»less  cyst,  before  division  occurs. 

("onjngntion  has  not  been  directly  observed  among  most 
of  tho  iitfuttoriii  JfiUji'Uatay  nor  do  any  of  them  exhibit  a 
struct nro  unulogotis  to  the  endoplastule  of  the  Ciliata. 

Mt»ssrs.  Dnllingcr  and  Drysdale  have  recently  worked  out 
the  lift^-history  of  soveral  flagellate  "Monads,"  which  occur 
in  putrefying  infusions  of  fish.  They  show  that  these  j?'/a- 
f/t'fhtta  not  only  presiMit  various  modes  of  agamic  multiplica- 
tion by  fission,  precedtHl  or  not  by  encystment,  but  that  they 
conjugate,  anil  that  the  comjwund  body  which  results  (the 
e«|uivalent  of  the  7.yg(»spore  in  ])lants)  becomes  encysted. 
Sooner  or  latter,  the  contents  of  the  cyst  become  divided 
either  into  ooinparativ<»ly  large  or  excessively  minute  bod- 
i(*s,  which  enlarge  and  gradually  take  on  the  form  of  the 
parent. 

'I'he  careful  investigations  of  these  authors  lead  them  to 
conclude  that,  while  the  adult  forms  are  destroyed  at  from 
01^-80"  C,  the  excessively  minute  sporules  which  have  been 
mentioned,  and  which  may  have  a  diameter  of  less  than 
Boo*nT>(r^^  an  inch,  may  bo  heated  to  148®  C.  without  the 
destruction  of  their  vitality. 

In  Hkigkna  viridis  (which,  however,  may  be  a  plant), 
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Stein  '  has  observed  a  division  of  the  "  nucleus  "  to  take  place, 
whereby  it  becomes  converted  into  separate  masses,  some  of 
Trhicb  acquire  an  ovate  or  fusiform  shape,  surrounding  them- 
selves with  a  denae  coat,  while  others  become  thin-walled 
Baca,  full  of  minute  granules,  each  of  which  is  provided  with 
a  single  cilium.  The  ultimate  fate  of  these  bodies  has  not 
been  traced. 

A  careful  study  of  the  singular  genus  Nbctiluca  led  me, 
in  1855,  to  assign  it  a  place  among  the  Infutoria,  and  recent 
investigations  have  conclusively  proved  that  it  is  one  of  the 
FtageUata. 

The  spheroidal  body  of  Nbctilvca  mUiaris  (Fig,  8)  is 
about  one-eightieth  of  an  inch  in  diameter,  and,  like  a  peach, 
presents  a  meridiona!  groove,  at  one  end  of  which  tlie  mouth 
is  situated.  A  long  and  slender,  transversely  striated  ten- 
tacle overhangs  the  mouth,  on  one  side  of  which  a  hard- 
toothed  ridge  projects.  Close  to  one  end  of  this  is  a  vibratile 
cilium.  A  funnel-shaped  depression  leads  into  a  central 
mass  of  protoplasm,  connected  by  fine  radiating  bands  with 
a  layer  of  the  samo  substance  which  lines  the  cuticular  enve- 
lope of  the  body.  There  is  no  contractile  vacuole,  but  an 
oral  endoplast  lies  in  the  central  protoplasm.  Bodies  which 
are  ingested  are  lodged  in  vacuoles  of  the  latter  until  they 
are  digested. 

According  to  the  observations  of  Cienkowsky,'  if  a  N'oo- 
tUuca  be  injured,  the  body  bursts  and  collapses,  but  the  pro- 
toplasmic and  other  contents,  together  with  the  tentacle,  form 
an  irregular  mass,  the  periphery  of  which  eventually  becomes 
vacuolated,  enlarges,  and  secretes  a  new  investment.  But 
even  a  small  portion  of  the  protoplasm  of  a  mutilated  Ifocti- 
luea  is  able  to  become  a  perfect  animal.  Under  some  condi- 
tions, the  tentacle  of  a  Noctiluca  may  be  retracted  into  the 
body,  and,  at  all  times  of  the  year,  spheroidal  NoctilucfB, 
devoid  of  flagellura,  tooth,  or  meridional  groove,  but  other- 
wise normal,  are  to  be  found.  These  last  are  probably  to  be 
regarded  as  encysted  forma.  Multiplication  may  take  place 
in  at  least  two  ways.  Fission  may  occur  in  the  spheroidal 
forms,  as  well  as  in  those  possessed  of  a  tentacle;  it  ia  in- 
augurated by  the  enlargement,  constriction,  and  division,  of 
the  endoplast.  This  process  takes  place  more  especially  in 
the  latter  part  of  the  year. 

>  "  OmiuRniui  der  InfiuionBthiere,"  ii.,  M. 

*  "  Ueber  NoctLluoa  miliuiB."  (Sciililie'a  "  ArcMv  far  mikHMkop.  Anato- 
mle,"  187S.) 
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Another  inmlo  of  a  sexual  multiplication,  which  lus  a  ein- 
pulnr  n-jwinblniico  to  the  process  of  partial   yelk  divisioD, 


ot-ciirfl  only  in  tho  dphcroidjil  S'oeliluca.  The  endoplast  dis- 
np|ii>nr9,  and  the  protoplasm,  accumulation  on  the  inner  side 
of  one  rofrioii  of  the  cuticle,  divides  first  into  two,  then  four, 
ei^lit,  aixteon,  thirty-two,  or  more  maBses  ;  the  division  of  the 
protoplaani  hoinji  accompanied  by  tho  elevation  of  the  cuticle 
into  protiilH-raticoa,  which,  at  first,  correspond  in  number  and 
diniousiona  witii  these  division  mnsEes.  When  the  division 
masses  have  i>cconic  very  numerous,  each  protrudes  upon  the 
siirfiiee,  and  is  converted  into  a  free  monadiform  gern:,  pro- 
vided with  an  cndoplast,  a  beak,  and  a  long  tentacle,  which 
is  hardly  to  Iw  diatirignished  from  a  flagelliform  cihum. 

The' process  of  conju^tion  has  been  directly  observed. 
Two  A'ocfilnrrr,  applying  themselves  by  their  oral  surfaces, 
adliore  closely  together,  and  a  bridge  of  protoplasm  connect- 
ing the  endopliists  of  tho  two  becomes  apparent.  Tlie  ten- 
Inculn  are  thrown  off,  the  two  bodies  gradually  coalesce,  and 
the  cnrloplaals  fuse  into  one.  Tho  whole  process  occupies 
five  or  six  hours.  Spheroidal  or  encysted  Nbclilvcfs  may 
conjiigute  in  n  similar  manner.  Id  this  case,  the  regions 
nearest  the  endcplasts  are  those  which  become  apphed  to- 
gether. Whether  this  process  is  of  a  sexual  nature,  or  not, 
IS  not  clearly  made  out.    Cienkowsky  admits  that  it  may 
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hasten  tlie  process  of  multiplication  by  tnotmdiforai  germs 
described  above. 

Nbctiluea  is  estremelv  abundant  in  the  superficial  naters 
of  tbe  ocean,  and  is  one  of  the  most  usual  causes  of  the  phos- 
phorescence of  the  sea.  The  light  is  given  out  by  the  pe- 
ripheral layer  of  protoplasm  which  lines  the  cuticle. 

The  Peridinem  {see  Fig.  1,  f)  form  another  aberrant 
group  of  the  Stagellata,  vrhich  lead  to  the  Ciliata.  The 
body  is  inclosed  in  a  hard  case  (sometimes  produced  into 
rays),  which,  at  one  part,  presents  a  groove-like  interruption, 
laying  bare  the  contained  protoplasm,  in  which  lies  an  endo- 
plast,  and  in  some  cases  a  contractile  vacuole.  One  or  more 
flagetliform  cilia,  and  usually  a  wreath  of  short  cilia,  are  pro- 
truded from  the  protoplasm,  and  serve  as  locomotive  organs. 
The  mouth  is  a  depression,  whence,  in  some  cases,  an  ceso- 
phageal  canal  is  continued  and  terminates  abruptly  in  tlie 
semi-fluid  central  substance  of  the  body,  the  food-particles 
being  lodged  in  vacuoles  formed  at  its  extremity,  as  in  the 
Ciliata.  No  other  mode  of  multiplication  than  that  by  fission 
has  yet  been  observed  in  the  Peridinem  ;  but  this  fission  is 
sometimes  preceded  by  the  inclosure  of  the  animal  in  an 
elongated,  crescent-shaped  cyst. 

(*.)  Thb  TsNTAi^uLiFEBa. — The  Acinet<B  (Fig.  9,  D,  E, 
F,  O)  hare  no  oral  aperture  of  the  ordinary  kind,  but  filiform 
processes  or  tentacula,  which  are  usually  slender,  simple,  and 
more  or  less  rigid,  radiate  from  the  surface  cf  the  body  gen- 
erally, or  from  one  or  more  regions  of  that  surface.  At  first 
sight,  these  tentacula  resemble  the  radiating  pseudopodia  of 
jictinophrtfg,  but,  on  closer  inspection,  they  are  seen  to  have 
a  different  character.  Eich,  in  fact,  is  a  delicate  T\ibe,  pre- 
senting a  structureless  external  wall,  with  a  semi-fluid  granu- 
lar axis,  and  usually  ends  in  a  slight  enlargement  or  knob.  It 
may  be  slowly  pushed  out  or  retracted,  or  diversely  bent. 
Bat,  instead  of  playing  the  part  of  mere  prehensile  organs, 
these  tentacles  act,  in  addition,  as  suckers;  the  Acineta  ap- 
plying one  or  more  of  these  organs  to  the  body  of  its  prey  ' — • 

'Stein  ("  Der  OrganismuB  dor  Infusionnthipre,"  j.,  T«>  thua  describes  the 
method  by  which  an  Atiaela  seizes  ita  prcv  :  "  If  an  InruBorium  Bwima  within 
reaoh  of  th«  ,<fi-i«H,  the  nearest  tentacles  are  avfiflly  thrown  towar.l  it,  and.  at 
the  airoB  time,  often  beoomo  mnch  elonmited.bGnt,  or  irrettularlvtiriBWd  aboiit. 
The  knob-like  ends  of  thee«  tpntaclca,  whicli  come  into  immediate  contact 
with  the  ■nrfnoeoflheentonaled  prey,  spread  out  into  disks,  and  adhere  flxedly 
tn  ,1      OTi,™  many  of  the  tentacles  have  thus  attached  themi   '      "    -- -   ■  - 
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usually  some  other  species  of  Infusoriuin — ^wben  tfae  snbetuice 
of  the  latter  travels  along  the  Interior  of  the  sucker  into  the 
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bodv  of  the  AoHita.  Soliii  ftHxl  is  not  ingested  through  these 
tentacles,  so  llint  llic  Aehicttfi  cannot  be  fed  with  indigo  or 
carmine.  In  tlm  inlcrinr  of  tlio  body  there  is  an  endoplast ' 
with  oncornmro  ciititriictilc  vacuoles,  and  it  maybe  either 
fijie<l  by  a  Hinik  nr  fn-f. 

The  AriiirtiP  imildply  by  several  methods.  One  of  these 
is  simple  lon^'iliiiliniit  liKxiiin,  which  appears  to  be  rare  among 
them.  AnnthiT  mrlhotl  consisits  in  tlic  development  of  ciliated 
embryoH  in  llio  iiilciiiir  of  the  body,  Tlieso  embryos  result 
from  a  S(<[iaml ion  or  a  porliou  of  tlio  endoplast,  and  its  cou- 


■oon  SB  the  mii-kina  ilNk  linn  )inii-i1  tlirniiirh  tlie  ruticula  of  the  prer,  »  very 
impid  Rtrcam,  Iiii1)iiiti''l  )<y  Ilia  fntty  pnTtii'ti><  which  it  cnrrieB,  mu  alooft  tha 
win  of  tha  tcnt-ni'lii,  and,  at  Iw  W»,  prmrn  Into  the  r.eiKhboririK  pwt  of  tha 
Wy  of  tho  Arimla.  .  ,  .  Tlip  rauw  ciif  tlic  mnvemtnt  in  unknown.  It  ii  not 
acoomnaniiil  hv  anv  illMiTnihli-  [novi'mpnt  '>f  thp  w«ll«  of  the  tonUdo." 

I  No  oml'ii'lniitiili',  nwh  m  PxWtii  in  other  In/ufria,  haa  b«en  obaerrcd  na 
»et  in  tho  Aein-t'T.  VndiT  anmc  pirMiui'tanoea.  the  Aeinrtit  draw  in  their 
railiBtinK  pnioi'iui'ii.  nml  HUrMUml  tiii-nnvlvfn  with  a  almcturelona  cvet;  but 
•CtA*  pToccM  iluua  not  ai<[Hsar  to  liavc  any  rclulion  to  cither  mode  of  muIUplica- 


In  Ann/In  mi/^aeiaa  an< 
bT  divialon  owHW.  At  (lie 
oft  U«ethor  with  pnrt  of  lli 


I^i  Ifijihrim ,Srtt,  ft  pcoilliHr  modo  of  moldplin 


, .ilsst,  (Voin  llie  remain in(f  slallted  part.    The 

dmwn  ill,  and  the  Homnont  becoming  eiongated,  deveiop*  ciiia 
111  whole  lurfnco  tuid  awiina  away. 
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version  into  a  globular  or  oval  germ,  which,  in  some  species, 
is  wholly  covered  with  vibratile  cilia,  while,  in  others,  the  cilia 
are  confined  to  a  zone  around  the  middle  of  the  embryo. 
The  germ  makes  its  escape  by  bursting  through  the  body-wall 
of  its  parent.  After  a  short  existence  (sometimes  limited  to 
a  few  minutes)  in  the  condition  of  a  free-swimming  animal- 
cule, provided  with  an  endoplast  and  a  contractile  vacuole, 
but  devoid  of  a  mouth,  the  characteristic  knobbed  radiating 
processes  make  their  appearance,  the  cilia  vanish,  and  the  ani- 
mal passes  into  the  Acineta  state. 

The  AcinetCB  have  frequently  been  observed  to  conju- 
gate, the  separate  individuals  becoming  completely  fused  into 
one  and  their  endoplasts  coalescing  into  the  single  endoplast 
of  the  resultant  Acineta  /  but  it  is  not  certainly  made  out 
whether  this  process  has,  or  has  not,  anything  to  do  with  the 
process  of  the  development  of  ciliated  embryos  just  described. 

(<?.)  The  Ciliata. — The  characteristic  feature  of  the  Ciliata 
is,  that  the  outer  surface  of  the  body  is  provided  with  numer- 
ous vibratile  cilia,  which  are  the  organs  of  prehension  and  loco- 
motion. According  to  the  distribution  of  the  cilia,  Stein  has 
divided  them  into  the  Holotricha^  in  which  the  cilia  are  scat- 
tered over  the  whole  body,  and  are  of  one  kind  ;  the  Hetero- 
tricha^  in  which  the  widely-diffused  cilia  are  of  different  kinds, 
some  larger  and  some  smaller  ;  the  Ilypotricha^  in  which  the 
cilia  are  confined  to  the  under  or  oral  side  of  the  body;  and  the 
Peritrichay  in  which  they  form  a  zone  round  the  body.  The 
great  majority  of  these  animals  are  asymmetrical. 

In  the  simplest  and  smallest  Ciliatay  the  body  resembles 
that  of  one  of  the  Flagellata  in  being  differentiated  merely 
into  an  ectosarc  and  endosarc,  with  an  endoplast  and  a  con- 
tractile vacuole.  In  most,  if  not  all  cases,  however,  there 
is  not  only  an  oral  region,  through  which  the  ingestion  of 
food  takes  place,  but  an  oesophageal  depression  leads  from 
this  into  the  endosarc  ;  and  it  may  be  doubted  whether,  e^en 
in  the  simplest  Ciliata,  there  is  not  an  anal  area  through 
whirh  the  undigested  parts  of  the  food  are  thrown  out. 

The  genus  Colpoda,  which  is  very  common  in  infusions  of 
hay,  is  a  good  example  of  this  low  form  of  ciliated  Infuso- 
rium. It  has  somewhat  the  form  of  a  bean  flattened  on  one 
side,  and  moves  actively  about  by  means  of  numerous  cilia, 
the  longest  of  which  are  situated  at  the  interior  end  of  the 
bodv.  At  the  posterior  end  is  the  contractile  vacuole,  while 
a  large  endoplast  lies  in  the  middle,  as  Stein  originally  dis- 
covered.    ColpodcB  frequently  become  quiescent,  retract  their 
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cilia,  and  surround  themselves  with  a  structureless  cyst.  Each 
encysted  Colpoda  then  divides  into  two,  four,  or  more  por- 
tions, which  assume  the  adult  form  and  escape  from  the  cysts 
to  resume  an  active  existence. 

All  man  has  described  the  encystment  of  a  Vorticellidan, 
followed  by  division  of  the  nucleus  into  many  germs,  with- 
out any  antecedent  process  of  conjugation  ;  and  Everts  has 
observed  that  the  progeny  of  an  encysted  Vorticella  take  od 
the  form  of  Trichodina  grandineUa,  The  TrichodincB  mul- 
tiply by  transverse    divisions,  and   then  grow  into    Vortir 

Encystment,  whether  followed  or  not  by  division,  is  very 
common  among  all  the  Ciliatay  and  a  species  of  AmphUep- 
tus  has  been  seen  to  swallow— or  rather  envelop — a  stalked 
bell-aninialcule  (  Vorticella)^  and  then  become  encysted  upon 
the  stalk  of  its  prey,  just  as  Vampyrella  becomes  perched 
upon  the  stalk  of  the  devoured  Oomphonema, 

In  the  higher  Ciliata^  the  protoplasm  of  the  body  becomes 
directly  differentiated  into  various  structures,  in  the  same 
way  as  has  already  been  seen  to  be  the  case  in  Oregarina 
glgantea^  but  to  a  much  greater  degree. 

Thus,  in  the  Peritrichay  of  which  the  bell-animalcules,  or 
Vorticellce  (Fig.  9,  Ay  JB,  (7),  are  the  commonest  examples, 
the  oral  region  presents  a  depression,  the  vestibule  (Fig.  9,  a) 
from  which  a  permanent  oesophageal  canal  leads  into  the  soft 
and  semi-fluid  endosarc,  where  it  terminates  abruptly  ;  and 
immediately  beneath  the  mouth,  in  the  vestibule,  there  is  an 
anal  region  which  gives  exit  to  the  refuse  of  digestion,  but 
presents  an  opening  only  when  fecal  matters  are  passing 
out.  Except  where  the  ciliated  circlet,  or  rather  spiral,  is 
situated,  the  outer  wall  of  the  body  gives  rise  to  a  relatively 
dense  cuticula,  and  not  unfrequently  secretes  a  transparent 
cup  or  case,  foreshadowing  the  theca  of  hydrozoal  polyps. 
Moreover,  in  the  permanently  fixed  VorticelloByXhe  stalk  of 
attachment  may  present  a  central  muscular  fibre  (Fig.  9,/"), 
by  the  sudden  contraction  of  which  the  body  is  retracted, 
the  stalk  being  at  the  same  time  thrown  into  a  spiral.  In 
the  holotriohous  Paramoecium  (Fig.  10)  beneath  the  thin  su- 
perficial transparent  cuticle  from  which  the  cilia  proceed, 
there  is  a  very  distinct  cortical  layer,  fibrillated  in  a  direc- 
tion perpendicular  to  the  surface,  and,  in  some  species  of  this 
or  other  genera,  as  Strombidlum  and  Polykricos  (Biitschli), 
beset  with  minute  rod-like  bodies  similarly  disposed,  which, 

Allman,  "  Presidential  Address  to  the  Linnaan  Society,"  1875. 
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under   some  circumatanoes,  shoot   out  into  long   filaments, 
and  have  been  termed  tnchocytU      In  P  burearia,  mmute 
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g^een  granules  of  chlorophyl  are  dieperaed  through  this  layer, 
and  Cohn  demonstrated,  in  1851,  that  these  yield  the  same 
reactions  as  the  chlorophyl  grains  of  the  Algte.  In  Balanti- 
dium,  Nyctotherua,  Spirostotnwn,  and  many  others,  the  cor- 
tical layer  is  divided  by  linear  markings  into  bands,  which 
there  is  reaaon  to  believe  are  rudimentary  muscular  fibres. 

In  many  CUiata,  the  endosaro  appears  to  be  almost  fluid. 
The  food,  which  is  driven  into  the  mouth  and  down  the  cesoph- 
agna  by  the  constant  action  of  the  cilia,  accumulates  at  the 
bottom  of  the  cesophagus ;  and  then,  with  the  water  which 
surrounds  it,  is  passed,  at  intervals,  with  a  sort  of  jerk,  into 
the  endosarc,  where  it  lies  close  to  the  end  of  the  cesophagus, 
as  a  food-vacuole,  for  a  short  time.  But  it  soon  begins  to 
move,  and,  along  with  other  such  vacuoles  formed  before  and 
after  it,  circulates  in  a  definite  course  up  one  side  of  the  body 
and  down  the  other,  between  the  cortical  layer  and  the  endo- 
^ast.  This  movement  is  particularly  free  and  unrestricted  in 
Salantidiitm  ;  in  Paramaxium,  the  tract  through  which  the 
fbod-vaouoles  move  is  more  definitely  limited,'  while  in  Nye- 
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tot  her  us  it  appears  to  be  confined  to  a  part  of  tbe  body  be- 
tween the  end  of  the  guUct  and  the  anal  region,  which  io 
this  Infusorium  is  seutedatone  end  of  the  body.  In  fact,  the 
finely  granular  endosarc  of  Nyctotfierus  so  limits  the  passage 
of  the  food- vacuoles  that  the  tract  along  which  they  pass 
might  properly  be  described  as  a  rudimentary  intestinal  canaL 

The  oral  cavity  is  usually  ciliated  :  sometimes,  as  in  ChiUh 
(io7iy  it  has  a  chitinous  armature,  which  becomes  somewhat 
complicated  in  Ervilia  (Dysteria^)  and  the  Didinium  de> 
bcHIxhI  by  Balbiani. 

Torquatella  (Lankester)  has  a  plicated  membrane  around 
tho  mouth  in  the  place  of  cilia. 

Tho  contractile  vacuoles  attain  their  greatest  complexity 
ill  the  Pitramceciay  in  which  there  are  two— one  toward  each 
iMul  of  tlio  body.  They  are  lodged  in  the  cortical  layer,  and, 
ill  (liuHtoIo,  a  portion  of  their  outer  periphery  is  bounded  only 
by  tho  cuticle,  through  which  it  is  very  probable  that  they 
coimnunionte  with  the  exterior.  When  the  systole  takes 
pluoo,  a  number  of  fine  canals,  which  radiate  from  each  vao- 
uoh»,  Jiro  seen  to  become  distended  with  clear,  watery  fluid. 
Tht»se  canals  are  constant  in  their  position,  and  some  of 
tlioiii  may  bo  traced  nearly  as  far  as  the  mouth  ;  so  that  the 
canals  aiul  vacuoles  form  a  permanent  water-vascular  system. 
The  eiuloplast  is  finely  granular,  like  the  substance  of  the 
oiidoaarc.  It  is  frequently  said  to  be  enveloped  in  a  distinct 
membrane,  but  I  am  disposed  to  think  that  this  is  always  a 
product  of  reagents.  Attached  to  one  part  of  it  there  is  very 
generally  (but  not  in  the  Vorticellce)  a  small  oval  or  rounded 
body,  the  so-called  "  nucleolus  "  or  endoplastule.  The  endo- 
plast  is  commonly  said  to  be  imbededd  in  the  cortical  layer, 
but  this  is  certainly  not  the  case  in  Colpoda^  Paramcedufn^ 
Malanttdium,  or  Nyctotherus, 

Tlie  outermost,  or  cuticular,  layer  of  a  large  portion  of  the 
body  becomes  hardened  and  forms  a  sort  of  shell,  in  many  of 
the  free  Infusoria,  In  the  free  marine  Dictyocystida  and 
CodonelUda  of  Haeckel,  the  body  has  a  bell-shaped  enve- 
lope, which  in  the  Dictyocystida  (see  Fig.  1)  is  strengthened 
by  a  siliceous  skeleton  like  that  of  a  Radiolarian.  In  both 
genera  the  circular  lip  which  surrounds  the  oral  end  is  pro- 
vided with  numerous  long  flagelliform  cilia.' 

Most  of  the  Ciliatay  while  in  full  activity,  multiply  by  di- 

'  Huxley,  **  On  Dysteria.''  (  QuarUrly  Journal,  of  Jiierosoopical  Science,  1857.) 
*Haeokel,  *^  Zur  Morphologie  der  Inf^isorien,"  1878. 
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vision  ;  this  is  generally  elTected  by  tbe  formation  of  a  more 
or  less  transverite  constriction,  whereby  the  body  becomes 
divided  into  two  parts,  wliich  separate,  each  developing  thoae 
BlrucHires  which  are  needed  for  its  completion.  Tho  ondo- 
plast,  however,  always  elougatea  and  divides,  one  portion 
going  along  with  each  product  of  fission.  Keither  budding 
n  >r  longitudinal  fission  occurs  among  the  free  Infmora,  the 
appearances  which  have  been  regarded  as  evidence  of  these 
processes  being  due  to  the  opposite  operation  of  conjugation. 
H.  Balbiani,'  its  discoverer,  thus  describes  the  process  of  conju- 
gation in  Paramecium  bursaria  : 

"The  jPtjramosin'a  assemble  in  great  numbers  cither  tow- 
ard the  bottom  or  on  the  sides  of  the  vessel  in  which  they 
are  contained.  They  then  conjugate  in  pairs,  their  anterior 
ends  being  closely  united  ;  and  t bey  remain  in  this  state  for 
five  or  six  days  or  more.  During  this  period  the  nucleus  and 
Duoleolus  becomR  transfurmed  into  aesual  organs. 

"  The  nucleolus  is  changed  into  an  oval  capsule,  marked 
Buperfioially  by  longitudinal  strice.  Sooner  or  later,  it  usually 
beROmes  divided  into  two  or  four  portions,  which  grow  inde- 
pendently, and  form  many  separate  capsules.  About  the  time 
of  separation,  each  of  these  is  finund  to  be  a  capsule  containing 
K  bundle  of  cuned  rods  {baguetle*),  enlarged  in  the  middle, 
knd  thinner  at  tbe  ends. 

The  nucleus  also  beco^iies  enlarged,  and  gives  rise — in  a 
■tanner  not  clearly  oxpiained— to  small  spherical  bodies  anal- 
ogous to  ovules. 

"It  is  usually  about  the  dfth  or  sixth  day  after  conjuga- 
tion that  the  first  germs  appear,  as  little  rounded  bodies  formed 
tcX  •  UH-mbrane  which  is  rendered  visible  by  acetic  acid,  and 
pf  grayish  pale  homogeneous  or  almost  imperceptibly  granu- 
"■  contents,  in  which,  as  yet,  neither  nucleus  nor  contractile 
is  distinguishable.  It  is  only  later  that  those  organs 
■ppear.  The  observations  of  Stein  and  of  F,  Cohn  have 
W>own  how  these  embryos  leave  the  body  of  tho  mother  un- 
sr  the  form  of  A^'infUv,  provided  with  knobbed  tentacles  and 
troe  suckers,  by  means  of  which  they  remain  for  some  time 
adherent  to  her,  and  n'jurish  themselves  from  her  substance. 
But  their  invcstigntions  have  not  disclosed  the  ultimate  fate 
ptihei  young. 

"  I  have  been  able  to  follow  them  for  a  long  ppriod  after 
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their  detachment  from  the  maternal  organism  ;  and  I  have 
been  able  to  asswt3  myself  that,  after  having  lost  their  ten- 
tacles, becoming  clothed  with  vibratile  cilia,  and  acquiring  a 
mouth,  which  makes  its  appearance  as  a  longitudinal  groove^ 
they  return  detinitely  to  the  parental  form,  developing  in 
their  interior  the  green  granules  which  are  characteristic  of 
this  J^aramiecium^  without  undergoing  any  more  extensive 
metamorphosis." 

In  Figs,  ld-22  of  Plate  IV.,  which  accompanies  bis  paper, 
Hulbiani  figures  all  the  stages  by  which  the  acinetiform  em- 
bryo becomes  a  Paramceciunu 

So  far  as  the  fact  of  conjugation,  the  changes  in  the  ^'  nu- 
cleolus," and  the  development  of  filaments  in  it,  with  the 
subsequent  detachment,  by  division,  of  masses  from  the  *' nu- 
cleus," are  concerned,  these  statements  have  not  been  modi- 
fied by  M.  Balbiani,  while  they  are  fully  confirmed  by  the  ob- 
servations made  by  himself,  Clapar^e  and  Lachmann,  Stein, 
KoUiker,  and  others,  in  Paramcecium  buraariaj  P.  aurelia^ 
and  otiier  ciliated  Ijifusoria, 

In  the  closely  allied  Paramcecium  aurelia^  the  occurrence 
of  the  various  stages  of  conjugation,  conversion  of  the  "nu- 
cleolus "  into  bundles  of  spermatozoa,  and  subsequent  division 
of  the  '^  nucleus,"  is  also  established  by  the  coincident  testi- 
mony of  Balbiani  and  Stein.  Balbiani  affirms  that,  in  this  spe- 
cies, the  clear  globular  bodies  which  result  from  the  division 
of  the  "  nucleus  "  pass  out  of  the  body  without  undergoing 
any  further  modification,  and  he  considers  them  to  be  ovules. 
Stein  also  admits  that  he  has  never  seen  acinetiform  embryos 
in  this  species. 

But,  as  it  would  seem,  on  the  strength  of  these  negative 
observations  in  Paramcecium  aurelia^  Balbiani,  in  his  later 
publications,  asserts  that  the  "  acinetiform  embryos  "  observed 
not  only  in  Paramcecium,  but  in  Stylonychia,  Stentor,  and 
many  other  ciliated  Infusoria^  are  not  embryos  at  all,  but 
parasitic  Aciyietce  ;  and  he  makes  this  assertion  without  ex- 
plicitly withdrawing  the  statement  given  above  of  his  own  ob- 
servation of  the  passage  of  the  acinetiform  embryo  of  Para- 
mcecium  bursaria  into  the  parental  form.  Engelmann  and 
Stein,  on  the  other  hand,  hold  by  Balbiani's  original  doctrine, 
and  give  strong  reasons  for  so  doing.  Among  the  most  for- 
cible analogical  arguments  are  those  afforded  by  the  process  of 
sexual  reproduction  observed  by  Stein  in  the  peritrichous  JTn- 
fuaoria. 

In  the  Peritricha  (  VorticeUidcBj  Ophrydidoe^  IHchodidce) 
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conjugatioD  takes  place  by  the  complete  and  permanent 
fusion  of  two  individualB,  wbich  are  sometimes  of  equal 
dimensione ;  though,  in  other  cases,  one  is  much  smaller  than 
the  other,  and,  while  it  is  in  course  of  absorption,  looks  like  a 
bud,  and  was  formerly  taken  for  such  (Fig.  9,  A,  ff,  A).  The 
small  individuals  usually  take  their  origin  from  a  fp-oup  of 
small  stalked  VbrticeUai,  which  are  produced  by  the  repeat- 
ed longitudinal  division  of  a  Vbrticella  of  the  ordinary  size. 
The  result  of  the  conjugative  aot  is  that  the  "  nuclei "  of  the 
two  individuals,  either  before  or  after  their  coalescence, 
break  up  into  a  nnmber  of  segments.  The  segments  may 
remain  separate,  or  coalesce  into  a  single  mass,  called  by 
Steia  piacenla.  In  the  former  case,  some  of  the  eegroents 
become  germ-masses,  while  the  others  reunite  to  form  a  new 
"  nucleus  ; "  in  the  latter,  the  placenta  throws  out  a  number 
of  germ-masses,  and  then  assumes  the  form  of  an  ordinaty 
"nucleus."  The  germ-masses  give  ofE  portions  of  their  sub- 
stance, including  part  of  their  "  nucleus,"  and  these  become 
converted  into  ciliated  embryos,  which  escape  by  a  special 
opening.  Knobbed  tentacles,  like  those  of  the  AcinetCB, 
have  not  been  observed  in  the  embryos  of  the  Peritricha, 
Dor  has  their  development  been  traced  out. 

If  the  bodies  renirded  as  acinetifonn  embryos  of  the 
Ciiiata  are  really  su^,  they  may  be  taken  to  represent  the 
myxopod  stage  of  the  Catallacta,  and  the  relations  of  the 
Acinit(B  to  ihe  Ciiiata  would  appear  to  be  that  Ihcy  arc 
modifications  of  a  common  type,  differing  from  the  Catal 
laeta  in  having  tentacula  instead  of  ordinary  pseudopodia. 
In  the  AeinetoB,  the  tentaculate  stage  is  the  more  permanent, 
the  ciliated  stage  transitory  ;  while,  in  the  Cilic.Ui,  the  cili- 
ated stage  is  the  more  permanent,  and  the  tcnlanlate  stage 
transitory. 


CHAPTER  ni. 

TUE   PORIFERA   AND  THE  C<ELENTEBATA« 

1.  TiiK  PoKiFKRA  OR  Spongida. — It  has  been  seen  that, 
in  the  Protozoa^  the  germ  undergoes  no  process  of  division 
analogous  to  the  **yelk  division  "of  the  higher  animals,  and 
to  the  oorn»spon(img  process  by  which  the  embryo  cell  of 
every  plant  but  the  very  lowest  becomes  converted  into  a 
cellular  (Miibryo.  ( ,\)nsequently,  there  is  no  blastoderm  ;  the 
body  of  tlic  mliilt  ProtozoOn  is  not  resolvable  into  morpho- 
logical units,  or  colls,  more  or  less  modified  ;  and  the  aliment- 
ary cavity,  when  it  exists,  has  no  special  lining.  Moreover, 
the  occurrence  of  sexual  reproduction  in  most  of  the  Proto- 
zoa  is  doubtful,  and  there  is,  at  present,  no  evidence  of  the 
existence  of  male  elements,  in  the  form  of  filamentous  spei^ 
matozoa,  in  any  group  but  the  Infusoria  /  and  even  here  the 
real  nature  of  these  bodies  is  still  a  matter  of  doubt. 

In  all  the  Metazoa,  the  germ  has  the  form  of  a  nucleated 
cell.  The  first  step  in  the  process  of  development  is  the 
production  of  a  blastoderm  by  the  subdivision  of  that  cell 
and  the  cells  of  the  hlastoth^rm  give  rise  to  the  histologiod 
elements  of  the  adult  body.  With  the  exception  of  certain 
parasites,  and  the  extremely  modified  males  of  a  few  species, 
all  these  animals  possess  a  permanent  alimentary  cavity| 
lined  by  a  special  layer  of  cells.  Sexual  reproduction  always 
occurs  ;  and,  very  generally,  though  bv  no  means  invariably, 
the  male  element  has  the  form  of  filiform  spermatozoa. 

The  lowest  term  in  tiio  series  of  the  Metazoa  is  un- 
doubtedly represented  by  the  Portfera  or  Sponges,  which, 
after  oscillating  between  the  vegetable  and  the  animal  king- 
doms,  have,  in  recent  times,  been  recognized  as  animals  by 
all  who  have  sufBciently  studied  their  stnieture  and  the 
manner  in  whicii  their  functions  are  performed. 

But  the  place  in  the  Animal  Kingdom  which  is  to  be  as- 
signed to  the  sponges  has  bpen,  and  still  is,  a  matter  of  de- 
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is  certaiD  tfa&t  an  ordinary  sponge  is  made  up  of  an 
a  of  corpuscles,  some  of  which  have  all  the  charac- 
AmcelXE,  while  others  are  no  less  similar  to  Monads  ; 
i  therefore,  taking  adult  structure  only  into  account,  the 
OompftHson  of  a  sponge  to  &  sort  of  compound  ProtozoOn  is 
perfectly  admissible,  and,  in  the  absence  of  other  evidence, 
would  justify  the  location  of  the  sponges  among  the  Protozoa. 
But,  withia  the  last  few  yeara,  the  development  of  the 
fpongea  has  been  carefully  investigated ;  and,  as  in  so  many 
jMber  cases,  a  knowledge  of  thatprocess  necessitates  a  recon- 
■ideration  of  the  views  suggested  by  adult  structure. 

le  impregnated  ovum  undergoes  regular  division ;  a  blas- 
toderm is  formed,  consisting  of  two  layers  of  cells — an  epiblast 
1  hypoblast — and  the  young  animal  has  the  form  of  a 
Seep  cup,  the  wall  of  which  b  composed  of  two  layers,  an  ea- 
\odirm  and  an  tndothrm,  which  proceed  respectively  from  the 
q>iblast  and  hypoblast.  The  embryo  sponge  is,  In  fact,  simi- 
lar to  the  corresponding  stage  of  a  hydrozoOn,  and  is  totally 
nnlike  any  known  condition  of  a  protozoQn. 

Beyond  this  early  stage,  however,  the  sponge-embryo 
kes  a  line  of  its  own,  and  its  subsequent  condition  differs 
ittogether  from  anything  known  among  the  C<ehnterata ;  all 
rf  which,  on  the  other  hand,  present  close  and  intimate  resem- 
Mancos  in  their  future  development,  as  in  their  adult  structure. 
It  is  not  long  since  the  only  sponge  of  the  structure  and 
jvelopment  of  which  we  were  accurately  informed  was  the 
oongiUnjIuviatilis,  or  fresh-water  sponge,  the  subject  of  the 
aborate  researches  of  Lieberkuhn  and  Carter.  But,  recently, 
I  flood  of  light  has  been  thrown  upon  the  morphology  and  phys- 
[dogy  of  tbe  marine  sponges,  particularly  of  those  sponges 
rith  caleareous  skeletons,  which  are  termed  Calcisjmngim, 
f  Lieberkuhn,  OscarSchmidt,  and  especially  Haecket.  It 
IS  become  clear  that  Spani/illa  is  a  aomewhat  aberrant 
brm,  and  that  the  fundamental  type  of  Poriferal  organization 
I  to  be  sought  among  the  Calcispongic^.  In  the  least  com- 
llcnted  of  the  calcareous  sponges,  the  body  has  the  form  of 
.  cup,  and  is  attached  bv  its  closed  extremitv.  The  open  ex- 
!intly  is  the  osotltim,  and  leads  directly  into  the  apacinus 
ntricvlw,  or  c-avJty  of  the  cup,  Tbe  comparatively  thin 
vll  of  the  cup  ie  composed  of  two  layers,  readily  distingtiish- 
We  by  their  structure — the  outer  is  the  ectoderm,  the  in- 
9t  the  endoderm.  The  ectoderm  is  a  transparent,  slightly 
nniilar,  gelatinous  mass  in  which  the  nuclei  are  scattered,  but 
hich,  in  the  unaltered  state,  shows  no  trace  of  the  primitive 
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distinctness  of  the  cells  which  contain  these  nuclei,  and  is 
therefore  termed  by  Haeckel  a  syncytium.  It  is  elastic  and 
contractile,  and  sometimes  exhibits  an  approach  to  fibrillation. 

The  endoderm,  on  the  contrary,  is  composed  of  a  layer 
of  very  distinct  cells,  each  of  which  contains  a  nucleus  and 
one  or  more  contractile  vacuoles,  and  is  produced  at  its  free 
extremity  into  a  long  solitary  cilium  or  flagellum.  Around 
the  base  of  this,  the  transparent  outer  portion  of  the  proto- 
plasm of  the  cell  b  produced  into  an  upstanding  ridge  like  a 
collar,  so  that  each  cell  has  a  wonderful  resemblance  to  some 
forms  of  flagellate  Infusoria.  Microscopic  apertures — the 
pores — ^scattered  over  the  outer  surface  of  the  cup,  lead  into 
short  passages  which  perforate  the  ectoderm  and  endoderm, 
and  thus  place  the  ventriculus  in  communication  with  the  ex- 
terior. The  working  of  the  flagella  of  the  endodermic  cells 
causes  the  water  contained  in  the  gastric  cavity  to  flow  out 
of  the  osculum  ;  to  make  mod  this  outflow,  minute  streams 
set  in  by  the  pores,  which  nave  consequentlv  been  called  irir 
hcdent^  while  the  osculum  has  been  termed  the  exhalent  aper- 
ture. It  is  said,  however,  that  the  direction  of  these  currents 
is  not  invariable;  and  it  is  certain  that  the  pores  are  not 
constant,  but  that  they  may  be  temporarily  or  permanently 
closed,  and  new  ones  formed  in  other  positions. 

The  skeleton  of  the  calcareous  sponges  always  consists  of 
a  multitude  of  separate  spicula,  composed  of  an  animal  sub- 
stance, more  or  less  strongly  impregnated  with  carbonate  of 
lime,  which  is  deposited  in  concentric  la  vers  around  a  central 
axis,  formed  by  the  animal  basis.  This  skeleton  is  devel- 
oped exclusively  in  the  ectoderm,  and  is  not  supported  by 
any  framework  of  fibrous  animal  matter. 

The  calcareous  sponges  are  frequently,  if  not  always, 
hermaphrodite.  The  reproductive  elements  are  ova  and 
spermatozoa.  There  is  some  reason  for  assuming  that  the 
latter  originate  in  metamorphosed  cells  of  the  endoderm,  as 
they  are  found  scattered  between  ordinary  cells  of  the  latter. 
The  ova,  on  the  other  hand,  occur  sometimes  between  the 
cells  of  the  endoderm,  sometimes  imbedded  in  the  syncytium 
itself.  But  the  question  of  the  origin  of  the  sexual  elements 
in  these  and  other  animals  needs  much  further  investigation. 
The  spermatozoa  are  very  delicate,  and  have  minute,  rod-like 
heads,  with  long  flagella.  The  ova  present  the  normal  ger- 
minal vesicle  and  spot,  but  exhibit  active  amoeboid  move- 
ments. 

Impregnation  is  effected,  and  the  first  stages  of  develop- 
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mcnt  take  place,  while  the  ova  are  still  imbedded  in  the  body 
of  the  sponge. 

MetsohnikofT  *  has  recently  described  the  development  of 
Si/con  ciiiatum.  The  ovum,  after  impregnation,  becomes  a 
morula,  with  a  central  cleavage  cavity  or  blastocoUe.  But 
the  blastomeres  of  the  two  halves  of  the  morula  take  on  dif- 
ferent characters — those  of  the  one  half  elongating  and 
acquiring  flagcUiform  cilia,  while  those  of  the  opposite  half 
remain  globular  and  develop  no  cilia.  The  latter  now  coa- 
lesce into  a  syncytium,  and  develope  spicula,  while  the  layer 
of  ciliated  cells  becomes  invaginated  within  the  syncytium. 
More  usually,  however,  it  appears  that  a  gastrula  is  formed 
by  invagination  of  the  morula,  the  ectoderm  of  which  has  the 
structure  of  the  endoderm  of  the  adult,  while  the  cells  of  the 
en<loderm,  or  lining  membrane  of  the  gastric  cavity,  are  de- 
void of  cilia.  Tlu»  embryo  quits  the  parent,  propelled  by  the 
flagclliform  cilia  which  cover  the  outer  surface  of  the  ecto- 
derm. Aftc^r  a  time,  it  fixes  itself  by  the  closed  end ;  the 
flagclla  of  the  colls  of  the  ectoderm  are  retracted,  the  cells 
themselves  become  fiattened  and  coalesce  so  completely  that 
their  boundaries  coasc  to  be  distinguishable,  and  the  ectoderm 
passes  into  the  condition  of  a  syncytium.  At  the  same  time, 
the  cells  of  the  endoderm  multiply,  elongate,  and  take  on  the 
form  which  chanictorizos  them  in  the  adult.  In  this  state 
the  young  sponge  is  tornied  an  Ascula.  The  transition  to 
the  final  conditi(»n  is  eflfectod  by  the  development  of  the  spic- 
ula in  tho  Mvncvtium  and  the  separation  of  some  of  the  con- 
stituent cells  of  the  syncytium  to  form  the  inhalent  pores. 

In  the  simplest  Calcifipongic^^  forming  the  family  to 
winch  Hneckol  a|>pli(\s  the  name  oi  Ascones^  the  wall  of  the 
ventrioulus  is  thin,  and  the  pores  open  directly  into  the  ven- 
tricular cavity  ;  but  in  another  faniily,  the  Leucones^  the  syn- 
cytiiun  Ix^comes  greatly  thickened,  and  the  pores  are  conse- 
quently pn>longed  into  canals  (which  may  be  ramified  and 
anastomose),  (Connecting  the  ventriculus  with  the  exterior. 
The  en<lo<lcrmic  cells,  which  in  these,  as  in  the  Ascon^s^  at 
first  form  a  continuous  layer,  are  eventually  restricted  to  the 

»  **  Zur  Entwiokclunflra-ffCfichichte  dor  Kalkschwumme."    ( Zeiiiu^hrtft  fur 
visHMchaftlichf  Z*x>Jo(fv\  BJ.  xxiv.)      F.  E.  Sehulze,  ao  far  a.s  I  follow  rtae- 


lier  account  of  the  formation  of  the  prastruU  by  dcljunination,  or  Bplitting  of  the 
walls  of  an  oval  8hut/>/(2nu/a-5ac  into  two  layers,  and  the  subsequent  opening 
of  the  planula  at  one  end. 
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canals,  or  even  to  local  dilatations  of  these  canals — the  so- 
called  ^^  ciliated  chambers." 

The  same  relative  disproportion  of  the  ectoderm,  with  the 
consequent  development  of  passages  which  traverse  the  mass 
of  the  sponge,  and  are  provided  at  intervals  with  ciliated 
chambers,  is  found  in  the  silicious  sponges,  in  which  the 
spicula,  if  they  possess  any,  are  formed  by  a  deposit  of  silex  ; 
and  in  which,  as  a  rule,  the  sponge-corpuscles  are  supported 
by  a  more  or  less  complete  skeleton  of  a  tough  animal  sub- 
stance, termed  keratose, 

Haliaarca^  however,  is  devoid  both  of  skeleton  and  spicula, 
and  the  minute  structure  of  the  carious  boring-sponges — the 
ClionoB — ^has  yet  to  be  elucidated. 

Haliphysema  and  Oastrophysemay  of  Haeckel,  appear  to 
be  sponges  which  get  no  further  than  the  Oastrula  condi- 
tion, and  thus  form  a  connecting  link  between  the  Sponges 
and  the  Hydrozoa. 

The  fresh-water  sponge  {Spongilla)  has  been  studied  with 
extreme  care  by  Lieberkiihn,  and  the  following  account, 
based  upon  the  investigations  of  that  author,  is  given  for  the 
use  of  the  student  to  whom  Spongilla  fluvialia  is  likely  to 
be  the  most  readily  accessible  of  the  sponges. 

The  fresh-water  sponge  grows  on  the  banks  of  docks, 
canals,  rivers,  and  on  floating  timber,  in  the  form  of  thick 
incrusting  masses,  which  usually  have  a  green  color,  and 
require  a  constant  supply  of  fresh  water  for  their  healthy 
maintenance.  The  surface  presents  irregular  conical  emi- 
nences perforated  at  their  summit  like  small  volcanic  craters, 
and  from  these  exhalent  funnels,  which  answer  to  the  oscvla 
of  the  CdicispongicBj  currents  of  the  water  are  continually 
flowing.  Careful  examination  of  the  surface  of  the  Spongilla 
between  the  exhalent  craters,  shows  that  it  is  formed  by  a 
delicate  membranous  expansion,  separating  which  from  the 
deeper  substance  of  the  Spongilla  are  a  numbei:  of  irregular 
cavities.  In  some  cases,  these  run  into  one  great  water- 
chamber.  The  superficial  chambers  (or  chamber)  communi- 
cate with  the  exterior  by  pores,  which  perforate  the  mem- 
branous expansion,  are  similar  to  those  in  the  outer  surface  of 
the  ventricular  wall  of  a  simple  calcareous  sponge,  and  sub- 
serve the  same  inhalent  function.  On  their  inner  face,  or 
floor,  the  superficial  chambers  exhibit  the  apertures  of  in- 
numerable canals,  which  traverse  the  deep  substance  of  the 
Spongilla  in  all  directions,  and,  sooner  or  later,  unite  into 
passages  which  lead  directly  into  the  cavities  of  the  exhalent 
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craters.  Dilatations  of  the  canals  occur  at  intenrals,  and  are 
lined  by  the  characteristic  monadiform  endodermic  cells, 
which  are  restricted  to  the  walls  of  these  ciliated  chambers. 
It  is  by  the  working  of  the  cilia  of  these  cells  that  corrents 
of  water  arc  made  continually  to  enter  by  the  inhalent  pores 
and  to  pass  out  by  the  exhalent  craters.  The  whole  hbric 
is  supported  and  strengthened  by  a  skeleton,  which  consists, 
in  the  tirst  place,  of  bands  and  filaments  of  keratose,  and, 
secondly,  of  silicious  spicula,  the  majority  of  which  resemble 
neeilles  pointed  at  each  end,  and  contain  a  fine  central  canal 
filled  with  an  unsilicified  substance.  The  individuality  of 
these  animals  is  so  little  marked  that  two  SpongiUcBj  when 
brought  into  contact,  before  long  fuse  into  one;  while  they  may 
divide  spontaneously,  or  be  separated  artificially  into  different 
portions  each  of  which  will  maintain  an  independent  existence. 

A  proi*ess  analogc^us  to  the  formation  of  6ysts,  which  is  so 
Ci>minon  ainon^  tiie  Protozoa^  takes  place  in  the  deeper  sub- 
stance of  the  body,  especially  in  the  autumn.  A  number  of 
adjacent  sponge-oorpuscies,  losing  their  granular  appearance, 
become  filled  with  clear,  strongly  refracting  granules,  the  nu- 
cleus ceasing  to  be  visible.  The  sponge-corpuscles  which 
surround  these  become  closely  applied  together,  and  secrete 
coats  of  keratose,  wliich  fuse  with  those  of  the  adjacent  cor- 
puscles. In  the  interior  of  each  a  singular  silicious  spiculum 
is  formed,  consisting  of  two  toothed  disks,  like  cogged  wheels, 
united  by  an  axis.  As  this ''  amphidiseua  "  enlarges,  the  proto- 
plasm of  the  corpuscle  disappears,  and  at  length  nothing  is  left 
but  the  envelope  of  keratose,  with  the  imbedded  amphidisks, 
disposed  perpendicularly  to  its  surface.  At  one  point  of  the 
spheroidal  envelope  a  small  opening  is  left,  and  the  so-called 
"  seed  "  of  the  Spongilla  is  complete.  It  remains  throughout 
the  winter  unchanged ;  but,  with  the  return  of  warmth,  the 
sponge-corpuscles  inclosed  within  the  coat  of  the  **  seed,"  or 
more  properly  cyst,  slowly  escape  through  the  pore,  become 
perforated  with  inhalent  and  exhalent  apertiu^s  and  canals,  and 
develop  the  characteristic  spicula  of  a  young  Spongilla. 

This  process  of  encystment,  which  may  be  regarded  as  a 
kind  of  budding,  akin  to  propagation  by  bidbs  among  plants, 
has  not  been  observed  among  marine  sponges. 

Sexual  propagation  takes  place  in  the  same  way  as  in  the 
CcUcispongioBy  and  the  embryo  passes  through  morula  and 
planula  stages.  But  the  ciliated  cells  which  form  the  outer 
wall  of  the  latter,  and  constitute  its  locomotive  apparatus, 
seem  to  vanish  when  the  embryo  fixes  itself,  and  the  body  of 
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the  young  Flbrospongia  appears  to  be  developed  out  of  the 
inner  cells,  which,  in  the  mean  while,  have  become  spiculiger- 
OU8.  However,  the  details  of  the  mode  of  development  of  the 
FthroapongicB  require  further  elucidation. 

In  both  the  marine  and  fresh-water  sponges  the  inmstion 
of  solid  matters — such  as  carmine  and  indigo— by  the  mo- 
nadiform  endodermic  cells  has  been  seen  by  several  observ- 
ers. According  to  Haeckel,  the  solid  particles,  which  usually 
are  taken  in  between  the  flagellum  and  the  collar,  may  also  be 
ingested  at  other  parts  of  the  surface  of  the  endodermic  cell. 
In  the  coiu*se  of  such  experiments,  also,  granules  of  the  pig- 
ment may  be  found  in  the  ectoderm,  but,  whether  they  enter 
it  directly  or  secondarily  from  the  endoderm,  is  unknown. 
Sponges  absorb  oxygen,  and  give  off  carbonic  acid  with  great 
rapidity ;  and  the  manner  in  which  they  render  the  water  in 
which  they  live  impure,  and  injurious  to  other  organisms,  sug- 
gests the  elimination  of  nitrogenous  waste  matter. 

The  syncytium  may  contract  as  a  whole,  and  is  liable  to 
local  contractions,  as  when  the  oscula  or  the  pores  shut  or 
open.  The  contours  of  the  cells  of  which  it  is  composed  are 
invisible  in  the  fresh  state,  and  hence  it  appears  as  a  mere 
^^sarcode"  or  transparent  gelatinous  contractile  substance, 
in  which  nuclei  and  granules  are  imbedded  here  and  there. 
But  LieberkUhn  has  shown  that,  when  the  water  in  which 
SpongiUa  lives  is  heated  to  the  point  at  which  thermic  coagu- 
lation of  the  protoplasm  of  the  cells  occurs,  their  boundaries 
at  once  become  defined,  and  the  cells  commonly  detach  them- 
selves from  one  another.  The  syncytium  is  therefore  formed 
by  the  dose  union,  and  not  by  the  actual  fusion,  of  the  cells 
of  the  body. 

It  is  a  very  interesting  fact  that  thread-cells,  similar  to 
those  which  are  so  abundant  in  the  CoelentercUay  are  said  to 
occur  in  some  sponges.  Elmer'  finds  these  structures  in 
species  of  the  JRenierince.  The  thread-cells  are  scattered 
through  both  endoderm  and  ectoderm,  and  abound  on  the 
free  surface  of  the  former,  where  it  limits  the  canals  of  the 
sponge,  but  do  not  occur  on  the  outer  surface  of  the  ectoderm. 
The  same  observer  states  that  he  found  partly  digested  re- 
mains of  small  crustaceans  in  the  ventricular  cavities  and 
passages  of  both  silicious  and  calcareous  sponges. 

The  Porifera  present  three  principal  modifications — ^the 
MyxospongioB^  the  CalcispongicB^  and  the  FibrospongicB — ^the 

>  "  Nesseizellon  und  Saamen  bei  See-Sohw&mmen."    {Arckw  fUr  Mitro- 
dto^iioAs  AnaUmU,  vui.,  1872.) 
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MyxospongicB  being  altogether  devoid  of  skeleton ;  the  Cal- 
cUpongicB  possessing  calcareous  spicula,  but  no  6brous  kera- 
tose  skeleton ;  and  the  FibrospongicB  having  a  fibrous  skele- 
ton, and  (usually)  spicula  of  a  silicious  nature.  To  these  it  is 
probable  that  the  CHionidcB  must  be  added,  as  a  fourth  type, 
devoid  of  a  fibrous  skeleton,  but  possessing  silicious  spicula 
of  a  very  peculiar  kind,  by  the  help  of  which  they  are  able 
to  burrow  parasitically  in  the  shells  of  moUusks.  Finally, 
Haliphysema  and  Oastrophysema  appear  to  be  even  simpler 
than  the  Myxospongioe, 

The  division  of  the  MyxoapongioB  contains  only  the  ge- 
latinous Halisarca.  The  CalcispofigicB,  in -addition  to  the  two 
families  of  Ascanes  and  Leuconea^  already  referred  to,  include 
a  third — the  Sycones^  which  are  essentially  composite  As- 
cofies.  The  Pibrospongim  present  a  great  diversity  of  form 
and  structure.  They  may  have  the  form  of  flattened  or  glob- 
ular masses,  arborescent,  tree-like  growths,  flagellate  expan- 
sions, or  wide  or  deep  cups.  The  sponge  of  commerce  de- 
rives its  value  from  the  fact  that  its  richh'-developed  fibrous 
skeleton  is  devoid  of  spicula.  On  the  other  hand,  in  such 
sponges  as  Hyalonema  and  JEuplecteUa^  the  silicious  spicula 
attain  a  marvelous  development  and  complexity  of  arrange- 
ment. In  the  latter  genus,  they  form  a  fibrous  network  with 
regular  polygonal  meshes.  These  appear  to  be  the  repre- 
sentatives of  the  Ventriculites^  which  were  so  common  in 
the  seas  of  the  Cretaceous  epoch. 

Sponges  abound  in  the  waters  of  all  seas,  but  SpongiUa 
is  the  sole  fresh- water  form.  ClionidcB  existed  in  the  Silu- 
rian epoch,  but  the  most  plentiful  remains  of  sponges  have 
been  yielded  by  the  chalk. 

The  C<elenterata. — ^This  group  of  the  Metazoa  contains 
those  animals  which  are  commonly  known  as  Polyps,  Jelly- 
fishes,  or  JfeditscBj  Sea-anemones,  and  Ck>rals.  They  exhibit 
two  well-marked  series  of  modifications,  termed  the  Hydrozoa 
and  the  Actinozoa. 

The  Hydbozoa. — The  fundamental  element  in  the  struct- 
ure of  this  group  is  the  Hydranth^  or  Polypite,  This  is  es- 
sentially a  sac  having  at  one  end  an  ingestive  or  oral  open- 
ing, which  leads  into  a  digestive  cavity.  The  wall  of  the  sac 
is  composed  of  two  cellular  membranes,  the  outer  of  which  is 
termed  the  ectoderm^  and  the  inner  the  endodemiy  the  former 
having  the  morphological  value  of  the  epidermis  of  the  higher 
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ftnim&li,  and  the  latter  that  of  the  epithelium  of  the  aliment- 
ary  canal.'     Between  these  two  iayen,  a  third  layer — the 


Fro,  18.— DIa)[ram«  Hlmtritlfeof  tbe  mntiul  relBIInnioTths  Bydnaaa; 
1.  Hydn.    2.  Sortultrika.    i.  Cilycopharidiii.    t.  Pbyiopboiidu.    5.  Lucemu'lui. 
a.  Ectodarm.    A,  Eadoderni.    i:.  Tbe  dlocttlTc  ind  ronudc  citEIt. 
P.TmmcIm.    N.  Nflclocalyi.    T.Canwsre.    B,  Hjdrophyllimn.    C.  BTdrotbeu.  8. 
HTdnuth.    O  Ooaopbore,    A.    AlrVeilcle  contained  In  F.  FDeqi)uttcq>hara.    e. 


.,  II.,  HI,,  IV.,  reprel 


ilapmaal  oT  ■  Kediutfonn 


tnesoderm — which  represents  the  structures  which  lie  between 

>  "  The  body  of  every  HjdroioAn  iB  etMDtiallj  a  sac  oomposed  of  two  mem- 
bnnev,  eui  extemal  uid  an  internal,  which  have  beeo  oonvenlentlj'  denomi- 
DBted  by  the  terms  tdoierm  snd  tndodtrm.  The  osvitj  of  tb«  MM,  which  irill 
b«  Mlled  the  tomaUc  eatitjf,  conUios  a  fliUd,  oharged  with  autritiTs  nutter  in 
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the  epidermis  and  the  epithelium  in  more  complex  animals, 
may  be  developed,  and  sometimes  attains  a  great  thickness, 

■olution,  and  Bometimeii,  if  not  always,  with  suspended  solid  particles,  which 
perform  the  Ainctions  of  the  blood  in  animals  of  nigher  organization,  and  may 
De  termed  the  somatic  Jhtid,  .  .  .  Notwithstanding  the  extreme  variety  of  form 
exhibited  by  the  Hydrozoa,  and  the  multiplicitv  and  complexity  of  the  oigans 
which  some  of  them  possess,  they  never  lose  tne  traces  of  this  primitive  sim- 
plicity of  organization;  and  it  is  but  rarely  that  it  is  even  disffuised  to  any  con- 
siderable enent.  .  .  .  This  Important  and  obvious  structural  peculiarity  could 
hardly  escape  notice,  and  I  find  it  to  have  been  observed  by  Trembley,  Baker 


on  the  Anatomy  and  Affinities  of  the  Medusaij^  read  before  the  Koyal  Society 
in  June,  1849. 

**  Prof.  Allman,  in  his  valuable  memoir  *  On  Cordylophora '  C  Philosophical 
Transactions,'  1856),  has  adopted  and  confirmed  this  morphological  law,  mtro- 
dudng  the  convenient  terms  *  ectoderm  '  and  *  endoderm,'  to  denote  the  inner 
and  outer  membranes;  and  Oegenbaur  (^Beitrfige  zur  nfiheren  Kenntniss  der 
Schwimmpolypen;  1864,  p.  42)  has  partially  noticed  its  exemplification  in 
ApoUmia  and  RhitopJwta:  but  it  seems  singularly  enough  to  have  failed  to 
attract  the  attention  of  otner  excellent  Oerman  observers,  to  whose  late  im- 
portation investigations  I  shall  so  often  have  occasion  to  advert.  The  pecu- 
liarity in  the  structure  of  the  body  walls  of  the  Hydrozoa^  to  which  I  have  just 
referred,  possesses  a  singular  interest  in  its  bearing  upon  the  truth  (for,  with 
due  limitation,  it  is  a  great  truth)  that  there  is  a  certain  similarity  between  the 
adult  states  of  the  lower  animals  and  the  embryonic  conditions  of  those  of 
higher  oi^^^anization. 

**  For  It  is  well  known  that,  in  a  very  early  state,  the  germ,  even  of  the 
highest  animals,  is  a  more  or  less  complete  sac,  whose  tnin  wall  is  divisible  into 
two  membranes,  an  inner  and  an  outer ;  the  latter  turned  toward  the  external 
world ;  the  former,  in  relation  with  the  nutritive  liquid,  the  yelk.  The  inner 
layer,  as  Remak  has  more  narticularly  shown,  undeivoes  but  little  histological 
change,  and  throughout  life  remains  more  particularly  devoted  to  the  functions 
of  alunentation,  while  the  outer  gives  rise,  by  manifold  difiercntlations  of  its 
tissue,  to  those  complex  structures  which  we  know  as  integument,  bones,  mus- 
cles, nerves,  and  sensory  apparatus,  and  which  especially  subserve  the  ftmo- 
tions  of  relation.  At  the  same  time,  the  various  oi^^s  are  produced  by  a  process 
of  budding  from  one  or  other,  or  both,  of  these  pnmary  layers  of  the  germ. 

•*  Just  so  in  the  HydrozoOn :  the  ectoderm  gives  nse  to  the  hard  tegumentr- 
ary  tissues,  to  the  more  important  masses  oi  muscular  fibres,  and  to  those 
organs  which  we  have  every  reason  to  believe  are  sensory,  while  the  endoderm 
midergoes  but  veir  little  modification.  And  every  organ  of  a  HydrozoOn  is 
produced  by  buddmg  from  one,  or  other,  or  both,  of  these  primitive  membranes ; 
the  ordinary  case  bemg  that  the  new  part  commences  its  existence  as  a  papillary 
process  of  both  membranes,  including,  of  course,  a  diverticulum  of  the  somatic 
cavity. 

"Thus  there  is  a  very  real  and  genuine  analogy  between  the  adult  Hydro- 
zo6n  and  the  embryonic  vertebrate  animal ;  but  T  need  hardly  say  it  by  no 
means  Justifies  the  assmnption  that  the  Hydrozoa  are  in  anv  sense  *  arrested 
developments '  of  higher  organisms.    AH  that  can  justly  be  affirmed  is,  that  the 

>  **  Observatians  upon  the  Anatomvof  the  Dlpbydn  and  the  Unity  of  Oivanfn 
tlon  of  the  DiphydaB  and  PhvtophoridA.'*    An  abstract  of  this  essay  was  puDlisbed 
in  the  ''  Prooeedbigs  of  the  Lbnean  Society ''  for  1818. 
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but  it  is  a  secondary  and,  in  the  lower  HydrozoQ^  inconspicu- 
ous production. 

All  the  Uydrozoa  are  provided  with  tentacula'  These 
are  elonprated  and  sometimes  filiform  organs  of  prehension, 
which  are  generallj  diverticula  of  both  ectoderm  and  endo- 
derm,  but  mav  be  outgrowths  of  only  one  of  them. 

Thread-cells,  or  nematocyMs^  are  very  generally  distributed 
through  the  tissues  of  the  Ccelenttrata,  In  its  most  perfect 
form,  a  nematocyst  is  an  elastic,  thick-walled  sac,  coiled  up  in 
the  interior  of  which  is  a  long  filament,  often  serrated  or  pro- 
vided with  spines.  The  filament  is  hollow,  and  is  continuous 
with  the  wall  of  the  sac  at  its  thicker  or  basal  end,  while  its 
other  pointed  end  is  free.     Very  slight  pressure  causes  the 


Fio.  14  — Saccalas  of  a  tenticle  with  ncmatocysts  of  Athtnitria'.  A,  pedunclo  or 
stalk,  and  B,  involucruiu  of  the  saccalas  C*;  A  fllamenta;  </,  ectoderm;  e,  endo- 
derin:  /.  neniitocysts ;  1.  small  Dematocyt<t8  of  the  filaments  and  Involacmm; 
S,  8,  lar^r  nem.itocysis  of  the  sac ;  4,  largest  nematocjsts. 

thread  to  be  swiftly  protruded,  apparently  by  a  process  of 
evagination,  and  the  nematocyst  now  appears  as  an  empty 

IlydrozoSn  travels  for  a  certain  distance  alonp  the  same  prreat  hisrhway  of  de- 
velopment as  the  hiijher  animal,  before  it  turns  off  to  follow  the  road  which 
leads  to  its  special  destination." 

In  this  passage  of  my  work  on  the  "  Oceanic  Hydrozoa  "  (1859),  T  expanded 
the  idea  enunciated  in  the  memoir  on  the  Medusa**  here  referred  to,  that  **  the 
outer  and  inner  membranes  appear  to  bear  the  same  physioloffical  relation  to 
one  another  as  do  the  serous  and  mucous  lavers  of  the  jDrcrm."  The  diagram 
(Fijr.  18),  exhibititig  the  relations  of  the  different  flfroupsof  the  Hydrozoa,  was 
published  in  the  Medical  Timts  and  Oazetts  in  June,  1856. 
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sac,  to  one  end  of  which  a  long  filament,  often  provided  with 
two  or  three  spines  near  its  base,  is  attached.  Many  of  the 
CoeUntercUa^  and  notably  the  JPhysalia^  give  rise  to  violent 
urtication  when  their  tentacles  come  in  contact  with  the  hu- 
man skin,  whence  it  may  be  concluded  that  the  nematocysts 
produce  a  like  injurious  effect  upon  the  bodies  of  those  ani- 
mals which  are  seized  and  swallowed  by  the  Polyps  and  Jelly- 
fishes. 

As  regards  the  existence  of  a  nervous  system  in  the  Hy- 
drozoUy  very  diverse  opinions  have  been  entertained,  and  it 
may  be  doubted  if  the  problem  has  even  yet  received  its  final 
solution.  I  have  already  discussed  Kleinenberg's  suggestion 
that  the  branched  prolongations  of  the  inner  ends  of  the  cells 
of  the  ectoderm  in  Hydra^  which  end  in  the  longitudinal  fibres 
which  lie  between  the  ectoderm  and  the  endoderm,  may  be 
nerves  in  their  earliest  stage  of  differentiation.  Haeckei  de- 
scribes a  nervous  system  in  Olossocodon  and  Carmarina.  It 
consists  of  a  circular  band  which  lies  on  the  inner  side  of  the 
circular  canal  of  the  bell-shaped  swimming-organ  of  these 
JtfeduscBy  and  presents  a  ganglionic  enlargement  at  the  base  of 
each  of  the  lithocysts.  Of  these  eight  ganglia,  the  four  which 
correspond  to  the  openings  of  the  four  radial  canals  into  the 
circular  canal  are  the  larger.  Each  of  these  gives  off  four 
branches,  one  of  which  follows  the  course  of  the  radial  canal 
to  the  central  polypite  or  manubrium  ;  two  others  go  to  the 
adjacent  tentacles,  and  the  last  to  the  lithocyst.* 

There  can  be  little  doubt  that  the  lithocysts,  or  sacs  con- 
taining mineral  particles,  which  are  so  frequently  found  in  the 
Medusfe,  are  of  the  nature  of  auditory  organs  ;  while  the  mass- 
es of  pigment,  with  imbedded  refracting  bodies,  which  often 
occur  associated  with  the  lithocysts,  are  doubtless  rudimentary 
eyes. 

The  sexual  reproductive  elements  arc  ova  and  spermato- 
zoa— the  ova  being  very  often  devoid  of  a  vitelline  membrane. 
The  fully-formed  generative  elements  lie  between  the  ecto- 
derm and  the  endoderm  of  that  part  of  the  body-wall  in  which 
they  make  their  appearance.  In  Hydractinia,  as  has  already 
been  pointed  out,  the  ova  appear  to  be  modified  cells  of  the 
endoderm,  and  spermatozoa  modified  cells  of  the  ectoderm ; 

>  Hacckcl,  "  Beitr5gc  zur  Naturpreschiclite  der  Ilydromecluscn."  The  ana- 
tomical diaposition  of  this  nervous  apparatus  accords  very  well  with  the  recent 
important  observations  of  Mr.  Romanes  on  the  "  Locomotor  System  of  Medu- 
•ai."    (*'  Proceedings  of  the  Royal  Society,"  December,  1875.) 
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but  it  remaios  to  be  seen  how  far  tkiB  rule  is  of  generml  appli- 
catioEU 

Usually  the  region  of  the  body  in  which  the  geneiatife 
organs  are  produced  undergoes  a  special  modification  befoie 
the  reproductive  elements  make  their  appeaimnce  in  it,  giving 
rise  to  a  peculiar  organ,  the  ffoncphore.  In  its  simplest  con- 
dition the  gonophore  is  a  mere  sao4ike  diverticulum,  or  ont- 
ward  process  of  the  body-walL  But,  from  this  state,  the 
gonophore  presents  every  degree  of  complication,  until  it  ac- 
quires the  form  of  a  bell-shaped  body  called  from  its  resem- 
blance to  a  Medusa  or  jelly-hsh  a  mtdusoid} 

In  its  most  complete  form,  the  medusoid  consists  of  a  disk 
having  the  form  of  a  shallow  or  deep  cup  {neciociyx)^  from  the 
centre  of  the  concavity  of  which  projects  a  sac  termed  the  imi- 
nubrium.  The  cavity  of  the  sac  is  continued  into  that  of 
sundry  symmetrically  dbposed  canals,  most  commonly  four  in 
number,  which  radiate  from  the  centre  of  the  disk  to  its  cir- 
cumference, where  they  open  into  a  circular  marginal  canaL 
A  membranous  fold,  the  velum^  which  contains  muscular  fibres 
arranged  concentrically  to  its  free  margin,  is  attached  to 
the  inner  circumference  of  the  mouth  of  the  bell,  and  pro- 
jects, like  a  shelf,  into  its  interior.  TJthocysts  are  usually 
developed  on  the  margins  of  the  bell,  which  may  also  give 
rise  to  tentacles.  The  manubrium,  opening  at  its  free  end, 
may  become  functionally,  as  well  as  structurally,  a  hydranth, 
and  may  serve  to  feed  the  medusoid  when  it  is  detached  from 
the  hydrosomn,  or  body  of  the  hydrozoOn.  However  com- 
plex its  structure  may  be,  the  medusoid  commences  as  a  sim- 
ple bud-like  outgrowth,  which  thickens  at  its  free  end ;  the 
central  part  of  this  thickening  becomes  the  manubrium, 
while  its  periphery,  splitting  away  from  the  manubrium,  is 
converted  into  the  disk  (Fig.  13).  A  single  prolongation  of 
the  somatic  cavity  is  continued  into  the  manubrium,  while 
several,  usually  four,  symmetrically  arranged  diverticula  ex- 
tend into  the  nectocalyx  and  become  its  radiating  canals. 
The  distal  ends  of  these  subsequently  throw  out  lateral 
branches,  which  unite  and  give  rise  to  the  circular  canal. 

The  lithocysts  are  usually,  but  not  always,  free  and  promi- 

1  From  the  imperfection  of  our  knowledge  respecting  the  origin  of  many 
of  the  modusifonn  Ifvdroeoa.  it  is  difficult  to  employ  any  termmology  with 
strict  consistency.  If  ** medusoid"  is  restricted  to  what  are  known  to  he 
gonophores  deyelopod  hy  gemmation,  **  medusa  '*  may  he  employed,  in  a  gen- 
eral sense,  as  the  equivalent  of  the  somewhat  inconyenient  vernacular  tenn 
"jelly-fish." 
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nenty  and  the  one  or  many  solid  mineral  bodies  which  they 
contain  are  inclosed  in  special  envelopes.  Their  structure 
appears  to  be  more  complicated  in  the  GeryonidcB  than  in 
other  Medusae.     (Haeckel,  loc,  cit,) 

In  some  of  those  medusoid  gonophores,  the  reproductive 
elements  are  developed  while  the  gonophore  is  still  attached 
to  the  hydrosoma,  and  then  they  always  make  their  appear- 
ance in  the  wall  of  the  manubrium.  But,  in  other  cases,  the 
medusoid  becomes  detached  before  the  development  of  the 
reproductive  elements,  and,  feeding  itself,  increases  largely 
in  size  before  the  ova  or  spermatozoa  appear.  Sooner  or 
later,  however,  the  reproductive  organs  are  developed,  either 
in  the  walls  of  the  manubrial  hydranth,  or  in  those  of  the 
canals  of  the  nectocalyx  of  the  medusoid. 

In  an  early  stage  of  its  existence,  every  hydrozoOn  is 
represented  by  a  single  hydranth,  but,  in  the  great  majority 
of  the  Sydrozod,  new  hydranths  are  developed  from  that 
first  formed,  by  a  process  of  gemmation  or  of  fission.  In 
the  former  case  the  bud  is  almost  always  an  outgrowth  or 
diverticulum  of  the  ectoderm  and  endoderm,  into  which  a 
prolongation  of  the  cavity  of  the  body  extends.  Sometimes 
the  hydrant^  formed  by  gemmation  becomes  detached  from 
the  body ;  but,  in  many  cases,  the  buds  developed  from  the 
primary  hydranth  remain  connected  together  by  a  common 
stem  or  ccenoaarCy  and  thus  give  rise  to  a  compound  body,  or 
hydrosoma. 

In  many  Hydrozoa^  the  ectoderm  gives  rise  to  a  hard  cu- 
ticular  coating,  and  in  some  of  these  \CampanularidcB^  Ser- 
tuiaridcB^  Fig.  13,  2),  this  cuticular  investment,  on  the  hy- 
dranth, takes  the  shape  of  a  case  or  "  cell " — the  hydrotJieca 
— ^into  which  the  hydranth  may  be  more  or  less  completely 
retracted.  In  other  Hydrozoa^  protective  coverings  are  af- 
forded to  the  hydranths  by  the  development  of  processes  of 
the  body-wall,  which  become  thick,  variously-shaped,  glassy 
lamellae.  These  appendages  are  termed  hydrophyUia  (Fig. 
13,3). 

Again,  certain  groups  (the  CaJycophoridcB  and  most  PAy- 
sophoridce)  are  provided  with  bell-shaped  organs  of  propul- 
sion, produced  by  the  metamorphosis  of  lateral  buds  of  the 
hydrosoma.  These  nectocalyces  have  the  structure  of  a  med- 
usoid, devoid  of  a  manubrium.  In  others  (Physophoridce), 
one  extremity  of  the  hydrosoma  is  dilated,  contains  air  in- 
closed within  a  sac  formed  by  an  involution  of  the  ectoderm, 
and  constitutes  a  float  or  pneumcUophore  ;  while  in  yet  others 
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(Discophora)  the  aboral  end  of  the  hydranth  is  dilated  into 
a  disk  or  umbrella^  which  is  susceptible  of  rhythmical  con- 
tractile movements,  by  which  the  body  is  propelled  through 
the  water.  Thus,  notwithstanding  its  different  mode  of  de- 
velopment, it  has  a  close  resemblance  to  a  medusoid.  Ac- 
cording to  the  existence  or  absence  of  these  various  append- 
ages, and  the  manner  in  which  they  are  disposed,  the  Hy- 
drozoa  are  distinguishable  into  three  groups — 1,  the  HydrO' 
phora  ;  2,  the  Discophora  ;  3,  the  Siphonophora. 

1.  The  Hydrophora  are,  in  all  cases  but  that  of  Hydra^ 
fixed  ramified  hydrosomes,  on  which  many  hydranths  and 
gonophores  are  developed.  The  somatic  cavity  contained  in 
the  hydrosoma  always  retains  a  free  communication  with  the 
gastric  cavities  of  the  hydranths.  In  other  words,  it  is  an 
enterocoele.  The  ten  taenia  are  either  scattered  over  the  hy- 
dranths ( Cor yne),  or  are  arranged  in  one  circle  round  the 
mouth  {JSertularia) ;  or  in  two  circles,  one  close  to  the  mouth, 
and  one  near  the  aboral  end  (Tubitlaria).  Very  generally — 
e.  g.,  in  all  SerttdaridcPy  Campanuiaridce  and  TtSmlaridcB — 
there  is  a  hard,  chitinous,  cuticular  skeleton  iperisarc  of  Ail- 
man),  which  frequently  gives  rise  to  hydrotnecae,  into  which 
the  hydranths  can  be  retracted  (Fig.  13,  2). 

The  gonophores  present  every  variety,  from  simple  sac- 
cular diverticula  of  the  hydrosoma  to  free-swimming  medu- 
soids.  The  inner  margin  of  the  bell  in  these  medusoids  is 
always  produced  into  a  velum,  and  otolithic  sacs  and  eye- 
spots  are  very  generally  disposed  at  regular  intervals  around 
the  circumference  of  the  bell-  The  great  majority  of  what 
were  formerly  termed  the  naked-eyed  Medusa;  ( Oymt^oph' 
thalmata)  are  merely  the  free-swimming  gonophores  of  the 
Hydrophora.  Thus  the  medusoids  known  as  SarsiadcB  are 
the  free  gonophores  of  the  Corynidce ;  the  JBouyainviUeoB 
and  LizzicB  of  the  Eudendridas ;  many  OceanidcB  proceed 
from  Tithidaridm;  Thaumantidce  and  ^quoridoe  from  Cam- 
pamdaridce. 

In  some  Hydrophora  (e.  g.,  Calycella)  the  margins  of  the 
hydrotheca  are  prolonged  into  triangular  processes,  which 
serve  as  an  operculum. 

Certain  PlumularidcB  are  provided  with  prominences  of 
the  hydrosoma  surrounded  by  a  chitinous  investment,  which 
is  open  at  the  extremity.  The  inclosed  soft  ectoderm  usual- 
ly contains  many  thread-cells,  and  has  the  power  of  throw- 
ing out  contractile  pseudopodial  processes.    These  have  been 
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termed  nemalophorea  by  Mr.  Busk,'    In  OpAiodet  (Hincks) 
they  are  tentaculifonn. 

It  frequently  happens  that  the  eonophorea  are  developed 
upon  special  stalks,  each  of  which  lias  esseatially  the  struot- 


1B.— OmfMRulirla (iRar   0«ttBiil»tir).— ^.  Hjdrenlb:  «,  Iti  peduncle;   <  hf- 


ure  of  A  mouthless  hydrantfa.  This  is  termed  a  blaatoatt/le. 
In  some  blaatofityles  (Fig,  15),  during  the  development  of  the 
buds  of  the  gonophores,  the  ectoderm  splits  into  two  layers — 
an  inner,  which  invests  the  central  axis  formed  by  the  endoderm 
with  the  contained  prolongation  of  the  somatic  cavity  ;  and 
an  outer,  chiefly,  if  not  wholly,  chitinous  layer.  Into  the  in- 
terspace between  these  two,  the  budding  gonophores  project, 
and  may  emerge  from  the  summit  of  the  gonangium,  thus 
formed,  either  to  develop  the  reproductive  elements,  and  shed 
them  while  still  attached,  or  to  be  set  at  liberty  as  free  med-j- 
Eoids  (Fig.  16). 

Aliman  '  has  shown  that,  in  Dicoryne  conferta,  the  gono- 


Id  this  beuitifull}'  illiutr*t«d  and  eUbonte  work,  the  itndent  wiU  iai,  not 
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phore  contained  in  a  gonangium,  somewhat  like  that  of  Zoo- 
medea^  is  set  free  as  a  oiliated  bitentaoulate  body,  oa  the  oen- 
tral  axU  of  which  the  ova  and  spermatozoa  are  developed. 


Fio.  16— Hednilhirni  solid  a< 
trat»c1«:  u.lUhocjBU;  A', 
o,  moutb ;  t",  ttulial  unala 

In  the  genus  Aglaopkenia  (Plumularldce),  groups  of 
gonangia  are  inclosed  in  a  common  receptacle  (corbuta, 
Allman),  formed  by  the  development  and  union  of  lateral 
processes  (comparable  in  some  respects  to  the  hydrophyllia 
of  the  Ctdycophoridae)  from  that  region  of  the  hydrasoma 
which  bears  the  gonophores, 

Some  medusoida,  auch  as  Sarsia  prolifera  and  WUMa,  the 
hydroid  stages  of  which  are  not  at  present  certainly  known, 
but  which  are  probably  coryniform,  produce  medusoida  simi- 
lar to  themselves  by  budding.  The  buds  may  be  developed 
either  from  the  manubrium,  or  from  the  marginal  canal  of  the 
neotocalyx,  or  from  the  bases  of  the  teutacnla,  or  even  from 
their  whole  length. 

In  August,  1849,  while  in  the  North  Pacific,  off  the  Loui- 
aiade  Archipelago,  I  took  a  species  of  WUlsia  (Pig.  17),  in 
which  stolons  were  developed  at  the  bifurcation  of  each  of 
the  four  principal  radiating  canals  of  the  nectooalyx.  Bach 
stolon  was  terminated  by  a  knobbed  extremity  containing 
many  nemBtoc}'3ts  ( C,  g),  and  gave  rise,  on  one  side,  to  a 
series  of  buds,  of  which  those  nearest  the  free  end  of  the 
stolon  had  acquired  the  form  of  complete  medusoida.  They 
had  four  anbranched  radiating  canals  and  four  tentacles  ;  but 
it  is  probable  that  they  would  assume  the  form  of  the  parent 
stock  after  detachment. 

nizatioa  of  tha  groap  of  wbioh  it  tnata,  bnt 
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Id  striking  contrast  with  the  complexitv  of  these  repro- 
ductive processes,  tb«  gonopliore  is  represented,  in  Hyiira, 


by  a  mere  enlargement  of  the  bodj'-wall,  situated  close  to  the 
bases  of  the  tentacula,  in  the  case  of  the  testes,  and  nearer 
the  attached  end  of  the  body  in  that  of  the  ovary.  The  ovary 
develops  a  single  ovum,  which,  as  Kleinenber^  has  shown, 
undergoes  division  and  invests  itself  with  a  chitinous  coat 
while  still  attached  to  the  body  of  the  parent.  This  chiti- 
nous investment  is  more  or  less  spinosc,  and  is  often  con- 
founded with  an  egg-shell.  It  obviously  answers  to  the 
perUarc  at  a  Tubularian,  and  its  presence  in  the  embryo  of 
the  ffydra,  in  which  no  perisaro  is  developed  by  the  adult, 
BUggeatB  that  Sydra  may  not  represent  the  simplest  primary 
condition  of  a  Hydrophoran,  but  may  be  a  reduced  modifica- 
tion of  a  Tubularian. 

2.  The  Discofhora. — ^These  "Meduste"  resemble  the 
more  perfect  free  medusoid  gonophorcs  of  the  Sydrophora, 
in  fio  far  ns  they  consist  of  a  hydranlh  or  polypite  attached 
to  the  centre  of  a  gelatinous  contractile  swimming  disk.  But 
they  differ  from  the  medusoids  of  the  Hydrophora,  inasmuch 
as  they  are  developed  either  directly  from  the  impregnated 
ovum  ;  or  by  gemmation  from  a  Medusa  which  arises  in  this 
6 


r,  ,r,  i""-  '-'T.^T-i  ':"  ;'-■?  ::::-.bn>ib,  and  its 
'■-  v.iili  a  f'-rilr*i  chary,>v;r.  w'ticnc*  four 
".  in",  IN'!  )',>>(-<.  Theso  cliamlicr^  are 
il.i-  rr'<-  otitral  filficsot  which  arc  bcspt 
li'i,     Tli>!  reproductive  organs  are  double 
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radiating  series  of  thickenings  of  the  oral  wall  of  each  cham- 
ber.* 

All  the  other  Discophora^  which  are  what  are  commonly 
known  as  "  Jelly-fish,"  are  free,  and  some  attain  a  very  large 
size.  In  the  adult  (Fig.  18)  the  umbrella  is  thick  and  divided 
by  small  marginal  notches  into  as  many  (usually  eight)  lobes. 
At  the  bottom  of  each  notch,  often  protected  by  special  lob- 
ules, is  an  oval  lithocyst,  supported  by  a  cylindrical  pedun- 
cle, the  cavity  of  which  is  in  direct  communication  with 
one  of  the  radiating  canals  of  the  umbrella  (Fig.  28,  IV.). 
This  canal  communicates  with  the  exterior  on  the  aboral  side 
of  the  base  of  the  peduncle.*  The  thick  mesoderm  of  which 
the  great  mass  of  the  umbrella  consists  is  composed  of  a  ge- 
latinous connective  tissue,  in  the  meshes  of  which  is  a  watery 
fluid,  containing  numerous  nucleated  cells  which  exhibit  amoe- 
boid movements.  On  the  oral  face  there  is  a  broad  zone  of 
striped  muscle,  made  up  of  fusiform  fibres  placed  side  by 
side.  In  Aurdia  aurita,  the  angles  of  the  four-sided  hy- 
dranth  are  produced  into  long  foliaceous  lips,  the  margins 
of  which  are  beset  with  minute  solid  ten  taenia  (Fig.  18). 
The  gastric  cavity  contained  in  the  hydranths  terminates,  be- 
neath the  centre  of  the  umbrella,  in  a  somatic  cavity  which 
passes  into  four  radially -disposed,  wide  offshoots,  or  genital 
sinuses^  the  oral  walls  of  which  constitute  the  roof  of  the  gen- 
ital chambers  (Fig.  18,  II.).  From  their  margins  the  narrow 
branching  radial  canals  are  given  off.  The  peripheral  ends 
of  these  unite  when  they  reach  the  margin. 

Each  genital  chamber  is  a  recess,  surrounded  by  a  thick 
wall  of  the  oral  face  of  the  umbrella,  in  the  centre  of  which 
only  a  small  aperture  is  left  (Fig.  18,  I.,  O),  The  roof  of 
this  cavity  is  the  floor  of  the  genital  sinus  ;  it  is  much  plaited 
and  folded,  and  the  genital  elements  are  developed  in  it.  Its 
inner  or  endodermal  wall  is  beset  with  small  tentacular  fila- 

>  The  relations  of  Litcernaria  with  the  Discophora  were  shown  in  my  lect- 
nr©B,  Medical  Times  and  Gazette^  1856.  Keferstein,  "  Untersuchungen  tiber 
niedere  Seethiere"  (1862),  in  his  monograph  on  the  genus,  fully  confirms 
this  view,  and  Prof.  H.  J.  Clark  arrived  inaependently  at  the  same  conclusion : 
**  Lfic^maria  the  Coenotype  of  the  Acal^hoi "  ("  Proceedings  of  the  Boston 
Society  of  Natural  History,"  1862).  The  Lucemaria  {Carduella^  AUman) 
cvathiformit  of  Sars  differs  mnoh  from  the  ordinary  Lucernarice^  especially  in 
the  position  of  the  genital  organs  as  longitudinal  thickenincrs  in  the  walls  of 
the  gastric  cavity.  See  AUman,  "  On  the  Structure  of  CardueUa  cyaikiformie'*^ 
C*  Transactions  of  the  Microscopical  Society,"  viii.). 

*  The  circular  canal  of  the  nectocalyx  communicates  with  the  exterior  by 
apertures  on  the  summits  of  papillose  elevations  in  some  medusoids. 
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mcnts  (Fig.  28,  Itl.).    The  ova  or  the  epermatozos  pass  ont 
of  the  apertures  of  the  genital  cfaambors,  and  the  ova  are  re- 


..  ^epJllarawiilcbiii- 
iub-Dmbivllar  CSTltj  1 A 


ceived  into  small  pouches  or  folds  of  the  lips,  and  there  under- 
go the  preliminary  stilus  of  their  dev-elopment. 

In  iW  Rhizostomidae  (as  was  originally  suggested  by  Von 
B;ier  and  has  been  proved  by  L.  Apassiz  and  A.  Brandt ' ) 
the  margins  of  Iho  lips  of  the  hydranth  unite,  leaving  only  a 
multitude  of  small  apertures  for  the  ingestion  of  food  on  the 
long  arms,  which  represent  prolongations  of  the  lips  of  the 
hydraiith  (Figs.  19,  20,  21).  The  polys  torn  a  tous  condition 
thus  brought  about,  by  the  subdivision  of  a  primitively  sim- 
ple oral  ciivity,  is  obviously  quite  different  in  its  nature  from 
that  «liich  occurs  in  the  Porifera. 

In  most  of  tfac  Jihizostomid<s,  not  only  do  the  edges  of 
the  lips  unite,  but  the  opposite  walls  of  the  hydrxnth  beneath 
the  umbrella  are,  as  it  were,  pushed  in,  so  as  to  form  four 

I  "lUmoire*  da  rAo«d£mi«  d«  St-PdUnbomK,"  xrt,  1S?0. 
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chambers,  the  walls  of  wbich  unite,  become  perforated,  and 
thus  give  rise  to  a  sub-umbrellar  cavity  with  a  roof  formed 


Tts.  Vl.—Ctp/ua  oetlUOa  if).— A,  part  of  the  nmbrcni.  rlcwcd  tram  below,  lo  ihow 
lb«  ptBlied  geollil  memtinnr  {/)  and  tbe  divided  aluctameiit  of  oneor  ilic  pUlani ; 
d,  puce  ofuae  of  Lbe  lltlioc>>ii,  B.  one  nS  ibe  on]  pores  (m)  rDcrunndrd  b;  (ed- 
l»cii]»lrt>;  j.one  of  Uio  clnratB  leutadlei  interapened  bel«een  the  oralporpB.  C, 
one  Dfihe  pednDCiilaled  llttiocjutB  (i)1ti  lis  onich  (d)  iceo  from  below,  vlib  ihe 
ovsl  pliurroin  which  moBcalir  flbres(A)  Ulie  itielr  origin  ;  <,  tUe  ndltllDGCmsl 
wiUi  lla  cecal  leteni  bnochcs.  g. 

by  the  umbrella  and  a  floor,  the  brachiferoua  disk,  suspended 
bj  four  pillara.     Id  the  roof  the  plaited  genital  membraoes 


Fib.  ti^Ctplita  ealUtia  (t).— ^,  llthnrjet  enlarecd  wiib  IM  bood  (*)  »nd  Ihe  eboral 
pore  of  theouial  (cl ;  if,  the  nnich  of  Ihe  marjfn  of  Ihe  ambrcllB.  B.  the  bnchlfer- 
oas  disk  with  the  ortsHns  of  Ihe  <rmi> :  /  endodenn :  0.  ectoderm.  C,  tenlacniats 
Itp  o(  ui  oral  pon  eDliiged ;  m,  oral  caTlty ;  n,  ocouiocyBts. 

are  developed.    The  floor  (Fig.  21,  S)  gives  off  the  subdivided 
arms,  the  free  margitis  of  which  bear  the  oral  pores,  and 
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rM.  K— .1.  ?ipkf-T  ij-^nJit^^i.—s  tiTfimatbiiDdliTdniiitiflllsoDtlMhjdniKiiiM; 
$.  p»i:aL  nv-y-iii :  .-.  mfcm:*  of  41hb1  xctocalji:  d,  •amuocTTt ;  <,pn>- 
K-^^Tiin  <-f  »<.-  i^t;al  B<v:.<nl.Ti.  br  wkick  li  i*  ittacbed  to  tbe  hnlniHiiii; 
.'.  poi::  kT  a'.ucas;:!  ^  i^  k^droMaa  l>  thp  csriir.  or  LjdnBClam.  of  Itae  pnol' 
nui  crc'-.iATi.  Ji,  '.a^  i:w>:  BKtocalin  wlih  tkt  cuul  libnwb  wbteta  tb>  brit- 
tle 1  14  pL^>^i^  «^:^l  :*  rrtTrrvd  bj  tke  kjdroHi^Aiii  ^    ^VcxtnfiBUj  of  thv 

rsoii  bv  caiuds  which  unite,  pass  through  the 
o  ihc  oentral  cavity  of  the  umbrella.' 


Via  a.— A.  B.  Dlv^jxolM  (Sp/uaaidei),  liteni  md  rront  tIo 
Abula  (CuMdrt),  a.n.  gnanaboK  or  repmlDctiTO  amo 
liKjal  or  ayitj  of  hTdrophTUliuo,  wllb  lU  prouiH  (d). 


»'fflS 


I.  C.  DIphTaoNd  af 
I,  hidniitb:  e.  phrl- 
fteo  goDopbora,  Ita 


n  the  Bouth  FaclSc,  n 
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8.  The  SiPHOHOPeoaA. — In  this  ^roup  the  hydrosoma  U 
ftlwajs  free  aod  flexible,  the  ectoderm  developing  no  hard 
obitioouB  exoskeleton,  save  in  the  case  of  the  pneumatophores 
of  some  species.  In  moat,  the  hydrantha  are  of  equal  size  ; 
but  in  Veleiia  and  Porpita,  the  hydranth  situated  in  the 
centre  of  the  discoidal  body  is  very  much  larger  than  the 
rest,  which  occupy  a  circumferential  zone  around  it ;  and  the 


»bo»o;  C,  D.  deloth*d  hydro- 
-  •-^Uclel■,  d,  hydrophjllta; 


priucipal  funotion  of  which  ia  to  develop  the  gonophores 
from  their  pedicles.  In  these  two  genera  the  tentaoula  are 
separate  from  the  hydraaths,  and  form  the  outermost  circle 
of  appendages. 

The  liydranths  of  the  Siphonophora  (Fip,  25,  A)  never 
possess  a  circlet  of  tentacuU  round  the  mouth,  which,  when 
expanded,  is  trumpet-shaped.  The  endoderm  of  the  hydranth 
is  ciliated,  and  villus-like  prominences  project  into  its  cavity. 

The  ibonl  mrfkee  of  the  umbrella  waa  of  a  browDiah-zraT  cnlor.  vertcf^ted 
with  oval  white  apote :  the  oral  snrfaM,  liffht  brown  with  ei|(ht  bluiHh-grren 
liiie*  radiating  toward  the  lithocyeta ;  tbe  brachia,  gray  with  brown  dot*.  The 
braehta  diTido  into  two  at  their  orit^n,  and  then  iiub<Iivide  into  an  infinity  of 
amatl  branches.  The  genoral  «i1or  of  the  smaller  branohea  ia  liaht  brown,  the 
iniatl  iDterapcrced  clavatfl  tentactei  beine  while.  The  lonj;  tentacles  which 
letminate  each  bracbium  are  blue  and  cylindrieal  at  their  orlgiti,  but  become 
trijptnal  fkrther  on,  where  they  are  ahadsd  with  brown  and  green.  Ia  it  identl- 
atfwitli  the  Ciplkta  otiUiUa  of  Peron  and  Lceueurl  The  individual  flgured 
wai  ■  jonng  mile. 
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The  interior  of  these  frequently  contains  vacuol&r  spaces 
(Fig.  24,  B,C),  A  valvular  "pylorus''  separates  the  gastric 
from  the  somatic  cavity  in  the  CcUycaphoridoB.  Long  tenta- 
cles, frequently  provided  veith  unilateral  series  of  branches, 
are  developed,  either  one  from  the  base  of  each  hydranth,  or, 
independently  of  the  hydranths,  from  the  coenosarc. 

In  the  CalycophoridcB  and  many  Physophoridce^  complex 


Flo.  Vi.—AthoryfAa  rofac€a.—A,  a  hydranth  with  villi  (a).  H  one  of  the  rilll  In  its 
elongated  Plate,  enlarpeH.  C\  a  t«mall  retracted  villus,  still  more  magnified,  with 
ita  vacuolar  i>puceti  and  ciliated  eurfkce. 

organs,  containing  a  sort  of  battery  of  thread-cells,  terminate 
each  lateral  branch  of  a  tentacle  (Figs.  24  and  26).  Each 
consists  of  an  elongated  saccidits^  terminated  by  two  fila- 
mentous appendages,  and  capable  of  being  spirally  coiled  up. 
In  this  state  it  is  invested  by  an  involucrxim^  which  surrounds 
its  base.  The  somatic  cavity  is  continued  through  the  branch, 
which  constitutes  the  peduncle  of  this  organ,  into  the  saccu- 
lus  and  its  terminal  filaments.  In  the  latter  it  is  narrow,  and 
their  thick  walls  contain  numerous  small  spherical  nemato- 
cysts.  In  the  sacculus  the  cavity  is  wider.  One  wall  is  very 
thick,  and  multitudes  of  elongated  nematocysts,  the  lateral 
series  of  which  are  sometimes  larger  than  the  rest,  are  dis- 
posed parallel  with  one  another,  and  perpendicular  to  the 
surface  of  the  sac.  Like  the  other  organs,  each  of  these 
tentacular  appendages  commences  as  a  simple  diverticulum 
of  the  ectoderm  and  endoderm,  and  passes  through  the  stages 
represented  in  Fig.  26. 

In  Physalia  the  tentacula  may  be  several  feet  long.   They 
have  no  lateral  branches,  but  the  large  nematocysts  are  situ- 
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ated  in  transverse  renif  orm  thickenings  of  the  wall  of  the  ten- 
tacle, which  occur  at  regular  intervals. 


Fio.  flli.—Athotybia  rotaeea.— The  ends  of  the  tentacular  branches  in  varioae  stages 
of  deTelopmeot.  A^  lateral  branch,  conamencino;  as  a  bud  from  the  tentacle.  In 
^  terminal  papilbe,  the  mdlments  of  the  filaments,  are  developed  at  the  extremi- 
ty of  the  brancn;  and,  in  C^  the  saccolns  is  beelnning  to  be  marked  off,  and  thrcad- 
cell^  hare  appeared  in  its  walls ;  in  />,  the  division  into  involucmm  and  saccnlus 
is  apparent;  in  JT,  the  InTolacmm  has  Invented  the  saccnlns,  the  extremity  of 
which  i>i  straight,  while  the  lateral  processes  have  carled  roond  it. 

Hydrophyllia  are  generally  present,  and,  like  the  tentacu- 
la,  are  developed  either  from  the  pedicle  of  a  hydranth,  in 
which  case  they  inclose  the  hydranth  with  its  tentacle  and  a 
group  of  gonophores  {CalycophoridoB)^  or,  independently  of 
the  hydranths,  from  the  ccenosarc  (many  Physophoridce). 

The  hydrophyllia  are  transparent,  and  often  present  very 
beautifully  denned  forms,  so  that  they  resemble  pieces  of  cut 
glass.  They  are  composed  chiefly  of  the  ectoderm  (and  meso- 
derm), but  contain  a  prolongation  of  the  endoderm,  with  a 
corresponding  diverticulum  of  the  somatic  cavity.  They  are, 
in  fact,  developed  as  caecal  processes  of  the  endoderm  and 
ectoderm  ;  but  the  latter,  with  the  mesodermal  layer,  rapidly 
predominates. 

The  gonophores  of  the  Siphonophora  present  every  varie- 
ty, from  a  simple  form,  in  which  the  medusoid  remains  in  a 
state  of  incomplete  development,  to  free  medusoids  of  the 
Gjmnophthalmatous  type.     As  an  example  of  the  former 


130        THE  AXXTOHT  OF  nfTEBTBBBATED  AXDULS. 

coniUtion  the  gonophores  of  Athorybia  ma;  be  cited  (Fig. 
27) ;  of  the  latter,  the  gonophores  of  I^ysalia,  Porpita,  tM 
VtkU,i. 

Ill  AtAotybiay  groups  of  gonophores,  together  with  pyri- 
form  sai's,  which  resemble  inconipletely  developed  hjdranthi 
(hgitrocj/aU — Fig.  27,  A,  a),  are  borne  upon  a  common  atem, 
and  constitute  a  gonobiaatidium  (Fig.  37,  A).  The  groupi 
of  male  and  female  gonophores  (r  ig.  27,  A,  b,  c)  are  borne 
upon  separate  branches  of  the  goDoblastidium  (andropAora 


Vw.  K.—.tllu>rtdla  roMCvi—A,  gonoUulldlDm  bnaring  throe  hjdrocjfta.  a  ;  gjno- 
[ihnrF.  A,'  iDd  two  andraphDrCK,  c.  B,  Aiinile  ([anopnom  on  their  common  ptara 
or  nTDophnre.  Bbawlni!  (bs  tnrladnl  Oram,  1,  uhI  lbs  ndlcal  einaJt,  b.  C,  D, 
n>iiu1a  ^[OnDphorM  enluj:«l ;  a.  isrmlDil  nrlcle;  b.  Titellm;  r,  ndial  caiula  of 
tbc  Imperfbct  DKtoalji ;  d,  cuulsorthe  muatirUI  uivltr.    K,  mile  gonophon. 

and  ff^HOphores).     Each  female  gonophore  contains  only  a 
single  ovum,  which  projects  into  the  o&vit;  of  the  imperfectly 
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differentiated  manubrium,  and  narrowing  its  cavity  at  differ- 
ent points  gives  rise  to  tlie  irregular  canals  (Fig.  27,  2>,  e?). 
In  the  male  gonophore  the  nectocalyx  is  more  distinct  from 
the  manubrium,  and  its  extremity  has  a  rounded  aperture 
(Fig.  27,  E). 

In  the  CafyccphoridoBj  as  in  the  elongated  Physophoridoe^ 
the  development  of  new  hydranths  and  their  appendages, 
which  is  constantly  occurring,  takes  place  at  that  end  of  the 
hydrosoma  which  corresponds  to  the  fixed  extremity  of  one 
of  the  Hydrophora  ;  and,  if  we  consider  this  to  be  the  proxi- 
mal end,  new  buds  are  developed  on  the  proximal  side  of 
those  already  formed.  Moreover,  these  buds  are  formed  on 
one  side  only  of  the  hydrosoma.  Hence  the  appendages  are 
strictly  unilateral,  though  they  may  change  their  position  so 
as  eventually  to  appear  bilateral  or  even  whorled.  In  the 
CalycaphoridcBy  the  saccular  proximal  end  of  the  ccenosarc 
(Fig.  22,  Ay  d)  is  inclosed  within  the  anterior  nectocalyx,  at 
the  posterior  end  of  which  is  a  chamber,  the  hydrcecium 
(Fi^.  22,  A,  c).  The  second,  or  posterior,  nectocalyx  is  at- 
tached in  such  a  way  that  its  anterior  end  is  inclosed  within 
the  hydrcecium  of  the  anterior  nectocalyx,  while  its  contrac- 
tile chamber  lies  on  the  opposite  side  of  the  axis  to  that  on 
which  the  anterior  nectocalyx  is  placed  (Fig.  22,  A).  Sets 
of  appendages  (Fig.  22,  A^  a  ;  Fig.  23),  each  consisting  of  a 
hydrophy Ilium,  a  hydranth  with  its  tentacle,  and  gonophores, 
which  last  bud  out  from  the  pedicle  of  the  hydranth — are 
developed  at  regular  intervals  on  the  cocnosarc,  and  the  long 
chain  trails  behind  as  the  animal  swims  with  a  darting  mo- 
tion, caused  by  the  simultaneous  rhythmical  contraction  of 
its  nectocalyces,  through  the  water  (Fig.  22). 

From  what  has  been  said,  it  follows  that  the  distal  set  of 
appendages  is  the  oldest,  and,  as  they  attain  their  full  de- 
velopment, each  set  becomes  detached,  as  a  free-swimming, 
complex  Diphyzodid  (Fig.  23).  *  In  this  condition  they  grow 
and  alter  their  form  and  size  so  much,  that  they  were  for- 
merly regarded  as  distinct  genera  of  what  were  termed  mono- 
gastric  I)iphydce»  The  gonophores,  with  which  these  are 
provided,  in  their  turn  become  detached,  increase  in  size, 
become  modified  in  form,  and  are  set  free  as  a  third  series 
of  independent  zoOids  (Fig.  23,  2>).  But  their  manubrium 
does  not  develop  a  mouth  and  become  a  functional  hydranth ; 
on  the  contrary,  the  generative  elements  are  developed  in 
its  wall,  and  are  set  free  by  its  dehiscence. 

In  the  PhysophoridcBy  the  proximal  end  of  the  hydrosoma 
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is  provided  with  a  pneumatopbore.  This  is  a  dilatation,  into 
wliich  the  ectoderm  is  invaginated,  so  as  to  form  a  receptacle, 
which  becomes  filled  with  air  and  sometimes  has  a  terminal 
op?ninp^,  through  which  the  air  can  be  expelled  (Fig.  13,  4). 
It  is  sometimes  small,  relatively  to  the  bydrosonia  (Agalnui^ 
Phy^ophora)\  sometimes  so  large  {AtKorybiOy  Fig.  24;  JF%y- 
SfiHii,  Porpitity  Vel€lla)y  that  the  whole  hydrosoma  becomes 
the  investment  of  the  pyriform  or  discoidal  air-sac  ;  while  the 
hitter  is  sometimes  converted  into  a  sort  of  hard  inner  shell, 
its  civity  l)(Mng  subdivided  by  septa  into  numerous  chambers 
{Porpita,  Velella), 

NiH'tooalyces  may  be  present  or  absent  in  the  JPhysophO' 
riiliv.  When  present,  their  number  varies,  but  they  are  con- 
fined to  the  re<^ion  of  the  hydrosoma  which  lies  nearest  to  the 
pnoumatophore. 

Ill  the  grc:it  majority  of  the  HydrozoOy  the  ovum  under- 
goes cleava<i^o  and  conversion  into  a  morula,  and  subsequently 
into  a  planula,  possessing  a  central  cavity  inclosed  in  a  double 
cellular  wall,  the  inner  layer  of  which  constitutes  the  hypo- 
blast, and  the  outer  the  epiblast. 

In  most  Iljdrophora  the  ciliated,  locomotive,  planula  be- 
comt^s  elongated  and  fixed  by  its  aboral  pole.  At  the  oppo- 
site end,  the  mouth  appears  and  the  embryo  passes  into  the 
gastrula  stage.  Tentacles  next  bud  out  round  the  mouth, 
and  to  this  larval  condition,  common  to  all  the  Mydrophora^ 
AUman  has  given  the  name  of  Act  inula. 

Generally,  the  embryo  fixes  itself  by  its  aboral  extremity 
at  the  end  of  the  planula  stage ;  but,  in  certain  Tubularida^ 
while  the  embryo  is  still  free,  a  circlet  of  tentacles  is  devel- 
oped close  to  the  aboral  end  ;  and  this  form  of  larva  differs 
but  very  slightly  from  that  which  is  observed  in  the  Disco* 
phora. 

In  the  genus  Pdagiay  for  example,  the  tentacles  are  de- 
veloped from  the  circumference  of  the  embryo,  midway  be- 
tween the  oral  and  aboral  poles  ;  but  it  neither  fixes  itself 
nor  elongates  into  the  ordinary  actinula-form.  On  the  con- 
trary, it  remains  a  free-swimming  organism,  and,  by  degrees, 
that  moiety  of  the  body  which  lies  on  the  aboral  side  of  the 
tentacular  circlet  widens  and  is  converted  into  the  umbrella, 
the  other  moiety  becoming  the  hydranth,  or  "  stomach,"  of 
the  Medusa. 

In  Lucernaria^  it  is  probable  that  the  larva  fixes  itself  be- 
fore or  during  the  development  of  the  umbrella,  and  passes 
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directly  into  the  adult  condition.  But,  in  most  Diacophora^ 
the  embryo  becomes  a  fixed  actinula  (the  so-called  Hydra 
tuba  OT  Scyphistoma^  Fig.  28, 1.),  multiplies  agamogenetically 
by  budding,  and  gives  rise  to  permanent  colonies  of  Hydri- 
form  polyps.  At  certain  seasons  of  the  year,  some  of  these 
enlarge  and  undergo  a  further  agamogenetic  multiplication 
by  fission  (Fig.  28,  IL).  In  fact,  each  divides  transversely 
into  a  number  of  eight-lobed  discoidal  medusoids  ^  Ephyrod  " 
or  ^^Medusce  hifidcBy^ ¥\g,  28,  II.  and  III.),  and  thus  passes 
into  what  has  been  termed  the  IStrohila  stage.  The  JEphyrce^ 
becoming  detached  from  one  another  and  from  the  stalk  of 
the  Strolnla,  are  set  free,  and,  undergoing  a  great  increase 
in  size,  take  on  the  form  of  the  adult  Discophore,  and  acquire 
reproductive  organs.  The  base  of  the  Strobila  may  develop 
tentacles  (Fig.  28,  II.)  and  resume  the  Scyphistoma  condition. 

Metschniko£f'  has  recently  traced  out  the  development  of 
Oeryonia(Carmarina)y  Polyxenia^^ginopsis^  and  other  2>w- 
cophora^  which  differ  from  the  foregoing  in  possessing  a  velum ; 
and  in  these,  as  in  the  Trachynema  ciliatum^  observed  by 
Gregenbaur,*  the  process  appears  to  be  of  essentially  the  same 
nature  as  in  Pelagia,  The  Scyphistoma  of  Aurelia^  Cyancea^ 
and  their  allies,  is  probably  to  be  regarded,  like  the  larva  of 
Pelagia^  as  a  Discophore  with  a  rudimentary  disk ;  in  which 
case  the  reproduction  of  the  JS^Aym-forms  of  young  Disco- 
phora  will  not  be  comparable  to  the  development  of  medusoid 
gonophores  among  the  Hydrophora^  but  will  merely  be  a  pro- 
cess of  multiplication,  by  transverse  fission,  of  a  true,  though 
undeveloped,  Discophore. 

In  the  Siphonophora^  the  result  of  yelk  division  is  the 
formation  of  a  ciliated  body  consisting  of  a  small-celled 
ectoderm  investing  a  solid  mass  of  large  blastomeres,  which 
eventually  pass  into  the  cells  of  the  endoderm.  This  body 
does  not  take  the  form  of  an  actinula.  On  the  contrary,  it 
appears  to  be  the  rule  that  buds  from  which  a  hydrophyllium, 
a  nectocalyx,  a  tentacle,  or  pneumatophore,  or  even  all  of 
them,  will  be  developed,  take  their  origin  antecedently  to  the 
formation  of  the  first  polypite  and  of  the  gastric  cavity. 

As  Metschnikoff  well  remarks,  the  mode  of  development 
of  the  Siphonophora  is  wholly  inconsistent  with  the  doctrine 
that  the  various  appendages  of  the  hydrosoma  in  these  ani- 

>  "  Studien  Hber  die  Entwickelung  der  Mcduscn  und  Siphonoplioren." 
(ZeiUehriftfur  wi»t,  Zool.,  xxiv.) 

•  "  Zur  Lehrfi  der  Generationswechsel,"  1854. 

*  5m  especially  the  lato  obfiervations  of  Metschnikoff,  loc,  cU, 
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mals  represent  individuals.  The  Hydrozoa  are  not  properly 
compound  organisms,  if  this  phrase  implies  a  coalescence  of 
separate  individualities  ;  but  thej  are  organisms,  the  organs 
of  which  tend  more  or  less  completely  to  become  independent 
existences  or  zo^ids.  A  medusoid,  though  it  feeds  and  main- 
tains itself,  is,  in  a  morphological  sense,  simply  the  detached 
independent  generative  organ  of  the  hydrosoma  on  which  it 
was  developed  ;  and  what  is  termed  the  '^  alternation  of  gen- 
erations,^ in  these  and  like  cases,  is  the  result  of  the  dissocia- 
tion of  those  parts  of  the  organism  on  which  the  generative 
function  devolves,  from  the  rest.^ 

In  certain  Dlacophora  belonging  to  the  group  of  Trachy- 
nemcUOj  a  method  of  multiplication  by  gemmation  has  been 
observed,  which  is  unknown  among  the  other  Hydrozoa.  It 
may  be  termed  entogastric  gemmation,  the  bud  growing  out 
from  the  wall  of  the  gastric  cavity,  into  which  it  eventually 
passes  on  its  way  outward  ;  while,  in  all  other  cases,  gemma- 
tion takes  place  by  the  formation  of  a  diverticulum  of  the 
whole  wall  of  the  gastro-vascular  cavity  which  projects  on  to 
the  free  surface  of  the  body,  and  is  detached  thence  (if  it  be- 
come detached),  at  once,  into  the  circumjacent  water.  The  de- 
tails of  this  process  of  entogastric  gemmation  have  been  traced 
by  Haeckel '  in  Carmarina  hastata^  one  of  the  Oeryonidce. 
As  in  other  members  of  that  family,  a  conical  process  of  the 
mesoderm,  covered  by  the  endoderm,  projects  from  the  roof 
of  the  gastric  cavity  and  hangs  freely  down  into  its  interior. 
Upon  the  surfEice  of  this,  minute  elevations  of  T^th  of  an 
inch  in  diameter  make  their  appearance.  The  cells  of  which 
these  outgrowths  are  composed  next  become  differentiated 
into  two  layers — an  external  clear  and  transparent  layer, 
which  is  in  contact  with  the  cone,  and  invests  the  sides  of  the 
elevation  ;  and  an  inner  darker  mass.  The  external  layer  is  the 
ectoderm  of  the  young  medusoid,  the  inner  its  endoderm.  A 
cavity,  which  is  the  commencement  of  the  gastric  cavity,  ap- 
pears in  the  endodermal  mass,  and  opens  outward  on  the  free 
side  of  the  bud.  The  latter,  now  ^^th  of  an  inch  in  diameter, 
has  assumed  the  form  of  a  plano-convex  disk,  fixed  by  its  flat 
side  to  the  cone,  and  having  the  oral  aperture  in  the  centre  of 
its  convex  free  side.     The  disk  next  increasing  in  height,  the 

'  I  have  seen  no  reason  to  dc|)art  from  the  opinions  on  the  subject  of 
'  Animal  individuality '  enunciated  in  my  lecture  published  in  the  Annals  and 
Magazine  of  Naturdl  Hititory  for  June,  1852. 

*  "  Beitrftge  zur  Natui^geschichte  dor  Hydromedusen/'  18d5. 


136         THE  ANATOMY  OF  INYEBTEBRATED  ANDCAia 

• 

boily  acquires  the  form  of  a  flask  with  a  wide  oeck.  The  belly 
of  the  flask  is  the  commeDcement  of  the  umbrella  of  the  bud- 
ding  medusoid ;  the  neck  is  its  gastric  division.  The  belly  of 
tlie  flask,  in  fact,  continues  to  widen  out  until  it  has  the  form 
of  a  flat  cup,  from  the  centre  of  which  the  relatively  small 
gastric  neck  projects,  and  the  bud  is  converted  into  an  unmis- 
takable medusoid,  attached  to  the  cone  by  the  centre  of  the 
,:iboral  face  of  its  umbrella.  In  the  mean  while,  the  gelatinous 
transparent  mesoderm  has  appeared,  and,  in  the  umbrella,  has 
a(M|uin^d  a  great  relative  thickness.  Into  this,  eight  prolongs* 
tions  of  the  p^strio  cavity  extend,  and  give  rise  to  the  radial 
canals,  wliioh  become  united  into  a  circular  canal  at  the  cir- 
cumference of  the  disk.  The  velum,  tentacula,  and  lithocysts 
arc  developed,  and  the  bud  becomes  detached  as  a  free  swim- 
ming medusoid.  But  this  medusoid  is  very  different  from  the 
Carman na  from  which  it  has  budded,  f'or  example,  it  has 
eight  radial  canals,  while  the  Carmarina  has  only  six ;  it  has 
solid  tentacles,  while  the  adult  Carmarina  has  tubular  tenta- 
cles ;  it  has  no  gastric  cone,  and  has  differently  disposed  lith- 
ocysts. llaeckel,  in  fact,  identities  it  with  Cuninu  rhodo' 
dactyla^  a  form  which  had  hitherto  been  considered  to  be  not 
only  s]>ecirically  and  generically  different  from  Carmarifui^ 
but  to  be  a  member  of  a  distinct  family — that  of  the  .^EginidcB, 

What  makes  this  process  of  asexual  multiplication  more 
remarkable  is,  that  it  takes  place  in  CarmarincB  which  have 
already  attained  sexual  maturity,  and  in  males  as  well  as  in 
females. 

There  is  reason  to  believe  that  a  similar  process  of  ento- 
gastric  ]M*oliferation  occurs  in  several  other  species  of  ^gi- 
Jiidiv — ufiJghuta  prolifera  (Gegenbaur),  Eurystoma  rubigi- 
fioswn  (Kolliker),  and  Cunina  KoUUeeri  (F.  MuUer) ;  but, 
in  all  these  cases,  the  medusoids  which  result  from  the  gem- 
mative  process  closely  resemble  the  stock  from  which  they 
arc  produced. 

As  might  bo  expected,  the  Hydrozoa  are  extremely  rare 
in  the  fossil  state,  and  probably  the  last  animal  the  discov.ery 
of  fossil  remains  of  which  could  be  anticipated  is  a  jelly-fish. 
Nevertheless,  some  impressions  of  Medusae,  in  the  Solenhofen 
slates,  are  sufficiently  well  preserved  to  allow  of  their  deter- 
mination as  members  of  the  group  of  JihizostomidcB,^     The 

» Hacckel,  "  Uober  zwoi  ncue  fowile  Mediisen  au3  der  Familie  der  lUii- 
zostomidcD."    C^  Johrbuch  fOr  Minoralogio,"  ISGd.) 
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apparent  absence  of  the  remains  of  Hydrophora  in  the  meso- 
zoic  and  newer  palaeozoic  rocks  is  yery  remarkable.  Some 
singular  organisms,  termed  Qraptolites^  which  abound  in  the 
Silurian  rocks,  may  possibly  be  Hydrozoa^  though  they 
present  points  of  resemblance  with  the  Polyzoa.  They  are 
simple  or  branched  stems,  sometimes  slender,  sometimes  ex- 
panded or  foliaceous ;  occasionally  the  branches  are  connected 
at  their  origin  by  a  membranous  expansion.  The  stems  are 
tubular,  and  beset  on  one  or  both  sides  with  minute  cup- 
shaped  prolongations,  like  the  thecse  of  a  Sertularian.  A  solid 
thickening  of  the  skeleton  may  haye  the  appearance  of  an 
independent  axis.  Allman  has  suggested  that  the  theciform 
projections  of  the  Graptolite  stem  may  correspond  with  the 
mematophores  of  Sertularians,  and  that  the  branches  may 
have  been  terminated  by  hydranths.  Appendages  which  ap- 
pear to  be  analogous  to  the  gonophores  of  the  Hydrophora 
nave  been  described  in  some  Graptolites.* 

With  a  yery  few  exceptions  {Hydra^  Cordylophora)  the 
JHydrozoa  are  marine  animals ;  and  a  considerable  number, 
like  the  CalycophoridoB  and  PhysophoridoBy  are  entirely  pe- 
lagic in  their  habits. 

The  Actinozoa. — The  essential  distinctions  between  the 
Actinozoa  and  the  Hydrozoa  are  two.  In  the  first  place,  the 
oral  aperture  of  an  ActinozoOn  leads  into  a  sac,  which,  with- 
out prejudice  to  the  question  of  its  exact  function,  may  be 
termed  "  gastric,"  and  which  is  not,  like  the  hydranlh  of  the 
HydrozoOn,  free  and  projecting,  but  is  sunk  within  the  body. 
From  the  walls  of  the  latter  it  is  separated  by  a  cayity,  the 
sides  of  which  are  diyided  by  partitions,  the  mesenteries^ 
which  radiate  from  the  wall  of  the  gastric  sac  to  that  of  the 
body,  and  divide  the  somatic  cayity  into  a  corresponding  num- 
ber of  tntermesenteric  chambers.  As  the  gastric  sac  is  open 
at  its  inner  end,  however,  its  cayity  is  in  free  communication 
with  that  of  the  central  space  which  communicates  with  the 
Intermesenteric  chambers  ;  and  the  central  space,  together 
with  the  chambers,  which  are  often  collectively  termed  the 
"  body  cayity  "  or  "  periyisceral  cayity,"  are,  in  reality,  one 
with  the  digestiye  cavity,  and,  as  in  the  Hydrozoa,  consti- 
stute  an  enterocoele.  Thus  an  ActinozoOn  might  be  com- 
pared to  a  ZfUcernaria,  or  still  better  to  a  Carduella,  in  which 
the  outer  face  of  the  hydranth  is  united  with  the  inner  face 

»Hall,  "Graptolitesofthe  Quebec  Series  of  North  America,"  1865.  Nichol- 
•OD,  **  Monograph  of  the  British  Graptolitidae,"  1872. 
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of  tlio  umbrella  ;  under  these  oircumstances  the  canals  of  the 
umbrella  in  the  HydrozoOn  would  answer  to  the  intermesen* 
tcric  elmmbers  in  the  ActinozoOn. 

S'^condly,  in  the  Actinwboa^  the  reproductive  elements 
arc  do  v(*lopcd  in  the  walls  of  the  chambers  or  canals  of  the  en- 
t(Tu(*(r.](Y,  just  as  they  so  commonly  are  in  the  walls  of  the 
gastro-vasoular  canals  of  the  JEfydrazoaj  but  the  generative 
org'aiis  thus  constituted  do  not  project  outwardly,  nor  dis- 
charge tlicir  contents  directly  outward.  On  the  contrary,  the 
ova  and  spermatozoa  arc  shed  into  the  enterocoele,  and  event- 
ually make  their  way  out  by  the  mouth.  In  this  respect, 
a^ain,  tlio  ActinozoOn  is  comparable  to  a  Lucemcwia  modi- 
iied  by  the  union  of  the  hydranth  with  the  ventral  face  of  the 
umbrella  ;  under  which  circumstances  the  reproductive  ele- 
ments, which  in  all  ILjdrozoa  are  developed,  either  m  the 
walU  of  the  hydranth  or  in  those  of  the  oral  face  of  the  urn- 
l>n*lla,  would  be  precluded  from  making  their  exit  by  any 
oIIkt  route  than  through  the  gas tro- vascular  canals  and  the 
mouth. 

In  tlio  fundamental  composition  of  the  body  of  an  ecto- 
derm and  ondoderm,  with  a  more  or  less  largely  developed 
inesodtTin,  and  in  the  abundance  of  thread-cells,  the  Actino- 
zoii  agnv»  with  the  JLjdrozoa, 

In  most  of  the  Actinozoa,  the  simple  polyp,  into  which 
i\u^  «»!nbrvo  is  converted,  gives  rise  by  budding  to  many 
zoi^ids  whieh  form  a  coherent  whole,  termed  by  Lacaze-Du- 
thiers  a  ztntntho'lemc, 

TiiK  C-ouALLuiEVA.  —  The  Actinozoa  comprehend  two 
groups — the  VondUtjena  and  the  Ctenophora — which  are 
widely  ililTeront  in  appearance  though  fundamentally  similar 
in  H!riietiin\  In  the  former,  the  mouth  is  always  surrounded 
by  one  or  more  circlets  of  tentacles,  which  may  be  slender 
and  oonieal,  or  short,  broad,  and  fimbriated.  The  mouth  is 
usually  elongated  in  one  direction,  and,  at  the  extremities  of 
the  long  diametcT,  presents  folds  which  are  continued  into 
t!i(*  gastric  cavity.  The  arrangement  of  the  parts  of  the  body 
is  therefore  not  so  completely  radiate  as  it  appears  to  be. 
The  onteroofclo  is  divided  into  six,  eight,  or  more  wide  inter- 
meaonterio  chambers,  which  communicate  with  the  cavities  of 
the  tentacles,  and  sometimes  directly  with  the  exterior,  by 
apertures  in  the  parictes  of  the  body.  The  mesenteries  which 
separate  these  wide  chambers  are  thin  and  membranous.  Two 
of  them,  at  opposite  ends  of  a  transverse  diameter  of  the  Ac- 
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tinozoOn,  are  often  different;  from  the  rest.    Each  mesentery 
ends,  at  its  aboral  extremity,  in  a  free  edge,  often  provided 


Tib.  n.— PaipendicDlir  aecUon 

the  inlirmeBOnlcric  cbftm^n  qi«n ;  tf,  lnteiii]«geiitaric  chunben ;  t,  thicken.^ 
trM  Durgio,  coaululDg  tbreiul.cellg  of,  /,  &  meeenter; ;  ff,  leprodocllTe  orgtiD  ;  A, 

with  a  thickened  and  folded  margin  j  and  these  free  edges 
look  toward  the  centre  of  an  axial  cavity,'  into  which  the  gas- 
tric sac  and  all  the  intermes enteric  chambers  open. 

In  the  Coralligena,  the  outer  wall  of  the  body  is  not  pro- 
Tided  with  bands  of  large  paddle-like  cilia.  Most  of  them  are 
fixed  temporarily  or  permanently,  and  many  give  rise  by 
gemmation  to  turf-)ike,  or  arborescent,  zoanthodemes.  The 
great  majority  possess  a  hard  skeleton,  composed  principally 
of  carbonate  of  lime,  which  may  be  deposited  in  permanently 
disconnected  spicula  in  the  walls  of  the  body  ;  or  the  spicuJa 
may  run  into  one  another,  and  foim  solid  networks,  or  dense 
plates,  of  calcareous  matter.  When  the  latter  is  the  case,  the 
calcareous  deposit  may  invade  the  base  and  lateral  walls  of 
the  body  of  the  ActinozoOn,  thus  giving  rise  to  a  simple  cup, 
or  theea.  The  skeleton  thus  formed,  freed  of  its  soft  parts,  is 
a  **  cap-coral,"  and  receives  the  name  of  a  corallite. 

In  a  zoanthodeme,  the  various  polyps  (anthozoOids) 
formed  by  gemmation  may  be  distinct,  or  their  several  enter- 
oooeles  may  communicate ;  in  which  last  case,  the  common 
oonnecting  mass  of  the  body,  or  ccenoaarc,  may  be  traversed 
by  a  regular  system  of  cauals.     And,  when  such  compound 


mtnoemeDt  (^  the  inteadns  m  bigber 
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Actinozoa  develop  skeletons,  the  corallites  maj  be  distinct, 
and  connected  only  bj  a  substance  formed  by  the  calcifica- 
tion  of  the  coenosarc,  which  is  termed  ccenenchyma ,  or  the 
thecjT  may  be  imperfectly  developed,  and  the  septa  of  adja- 
cent corallites  run  into  one  another.  There  are  cases,  again, 
in  which  the  calcareous  deposit  in  the  several  polyps  of  a 
compound  ActinozoOn,  and  in  the  superficial  parts  of  the  cce- 
ncnchymn,  remains  loose  and  spicular,  while  the  axial  por- 
tion  of  the  cccnosarc  is  converted  into  a  dense  chitinous  cr  cal- 
cified muss — the  so-called  sclerobase. 

Tlie  mesoderm  contains  abundantly  developed  muscular 
fibres.  The  question  whether  the  Coralligena  possess  a  ner- 
vous system  and  organs  of  sense,  hardly  admits  of  a  definite 
answer  at  present.  It  is  only  in  the  ActinidcB  that  the  ex- 
istence of  such  organs  has  been  asserted ;  and  the  nervous 
circlet  of  Actinia^  described  by  Spix,  has  been  seen  by  no 
later  investigator,  and  may  be  safely  assumed  to  be  non-exist- 
ent. Prof.  P.  M.  Duncan,  F.  R.  S.,*  however,  has  recently 
described  a  nervous  apparatus,  consisting  of  fusiform  gan- 
glionic cells,  united  by  nerve-fibres,  which  resemble  the  sym- 
pathetic nerve-fibrils  of  the  Vertehrata^  and  form  a  plexus, 
which  appears  to  extend  throughout  the  pedal  disk,  and 
very  probably  into  other  parts  of  the  body.  In  some  of  the 
Acthikhp  (e.  g..  Actinia  viesembri/afithemum)^  brightly-col- 
ored bead-like  bodies  are  situated  in  the  oral  disk  outside 
the  tentacles.  The  structure  of  these  ''chromatcphores,"  or 
"  boursi^s  c:ili(5inales,"  has  been  carefully  investigated  by 
Schneider  and  R(5tteken,  and  by  Prof.  Duncan.  They  are 
diverticula  of  the  body  wall,  the  surface  of  which  is  com- 
posed of  close-set  "  bacilli,"  beneath  which  lies  a  layer  of 
strongly-refracting  Spherules,  followed  by  another  layer  of 
no  less  strongly-refracting  cones.  Subjacent  to  these,  Prof, 
Duncan  finds  ganglion  cells  and  nervous  plexuses.  It  would 
seem,  therefore,  that  these  bodies  are  rudimentary  eyes. 

The  sexes  are  united  or  distinct,  and  the  ovum  is  ordina- 
rily, if  not  always,  provided  with  a  vitelline  membrane.  The 
impregnated  ovum  gives  rise  to  a  ciliated  morula,  which  may 
either  be  discharged  or  undergo  further  development  within 
the  somatic  cavity  of  the  parent.  The  morula  becomes  a  gas- 
trula,  but  wliether  by  true  invagination  or  by  delamination, 
as  in  most  of  the  Ilydrozoa^  is  not  quite  clear.  The  gastrula 
usually  fixes  itself  by  its  closed  end,  while  tentacles  are  de- 


*  "  On  the  Nervous  System  of  Actinia."  ("  Proceedings  of  the  fioval 
ty,"  October  9, 1878.) 
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▼doped  from  its  oral  encL  It  can  hardly  be  doubted  that  the 
intermesenteric  chambers  are  diverticula  of  the  primitive  ea- 
terocoele  ;  but  the  exact  mode  of  their  origin  needs  further 
elucidation. 

Lacaze-Duthiers '  has  recently  thrown  a  new  light  upon 
the  development  of  the  Corcdligena^  and  particularly  of  the 
Aetinim  {Actinia^  Saga/rtiay  JBunodes).  Tliese  animals  are 
generally  hermaphrodite,  testes  and  ovaria  being  usually  found 
in  the  same  animal,  and  even  in  the  same  mesenteries  ;  but 
it  may  happen  that  the  organs  of  one  or  the  other  sex  are,  at 
any  given  time,  exclusively  developed.  The  ova  undergo  the 
early  stages  of  their  development  within  the  body  of  the 
parent.  The  process  of  yelk  division  was  not  observed,  and 
in  the  earliest  condition  described  the  embryo  was  an  oval 
planula-like  body,  composed  of  an  inner  colored  substance 
and  an  outer  colorless  layer.  The  outer  layer  (epiblast  =  ec- 
toderm) soon  becomes  ciliated.  An  oval  depression  appears 
at  one  end,  and  becomes  the  mouth  '  and  gastric  sac,  while,  at 
the  opposite  extremity,  the  cilia  elongate  into  a  tuft.  The 
ectoderm  extends  into  and  lines  the  gastric  sac,  while  the  in- 
terior of  the  colored  hypoblast  becomes  excavated  by  a  cav- 
ity, the  enteroccele,  which  communicates  with  the  gastric  sac. 
In  this  condition  the  embryo  swims  about  with  its  oral  pole 
directed  backward. 

The  oral  aperture  changes  its  form  and  becomes  elongated 
in  one  direction,  which  may  be  termed  the  oral  axis.  The 
mesenteries  are  paired  processes  of  the  transparent  outer 
layer  (probably  of  that  part  which  constitutes  the  mesoderm) 
which  mark  oflF  corresponding  seg-ments  of  the  enteroccele. 
The  lirst  which  make  their  appearance  are  directed  nearly  at 
right  angles  to  the  oral  axis  near,  but  not  exactly  in,  the 
centre  of  its  length.  Hence  they  divide  the  enteroccele  into 
two  primitive  chambers,  a  smaller  (A)  at  one  end  of  the  oral 
axis,  and  a  larger  (A')  at  the  other.  This  condition  may  be 
represented  by  A-r-A';  the  dots  indicating  the  position  of 
the  primitive  mesenteries,  and  the  hyphen  that  of  the  oral 
axis.     It  is  interesting  to  remark  that,  in  this  state,  the  em- 

I "  D4veloppomeni  des  CoralliaircR."  {Archives  de  ZoologU  expA^jnentaUj 
lo72.) 

■  Kowalewsky  describes  the  formation  of  a  izastrula  by  invagination  in  a  spe- 
cies of  Actinia  and  in  CereanthuSy  the  aperture  of  invagination  becoming  the 
mouth  (Ilofmann  and  Schwalbe,  "  Jahresbericht,"  Bd.  11.,  p.  269).  In  other 
species  of  Adinia  and  in  Aleyonvum^  the  planula  seems  to  delaminate.  Ordi- 
nary yelk  division  occurs  in  some  Anthozoa^  while  in  others  {Alcyonium)  the 
proceM  rather  resembles  that  which  occurs  in  most  Arthropods. 
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bryo  is  a  bilaterally  symmetrical  cylindrical  body,  with  a  cen- 
tral canal,  the  future  gastric  sac ;  and,  communicating  there- 
with, a  bilobed  enterocoele,  which  separates  the  central  cansl 
from  the  body-wall.  In  fact,  in  principle,  it  resembles  the 
early  condition  of  the  embryo  of  a  Ctenophore,  a  Brachiopod, 
or  a  Sagttta. 

Another  pair  of  mesenteric  processes  now  makes  its  ap- 
pearance in  the  larger  chamber  A',  and  cuts  off  two  latenl 
chambers,  B,  B,  which  lie  between  these  secondary  mesenteries 
and  the  primary  ones.  In  this  state  the  enterocoele  or  somat- 
ic cavity  is  four-chambered  f  A-4-qA').     Next  a  third  pair 

of  mesenteries  appear  in  the  smaller  chamber  (A),  and  divide 
it  into  three  portions,  one  at  the  end  of  the  oral  axis  (A), 
and  two  lateral  (C,  C).     In  this  stage  there  are  therefore  six 

chambers  (  A  /^-t-|>  A');  but  almost  immediately  the  number 

is  increased  to  eight,  by  the  development  of  a  fourth  ]>air  of 
mesonteries  in  the  chambers  B,  B,  which  thus  give  rise  to  the 
chambers  D,  D,  between  the  primitive  mesenteries  and  them- 
selves.   The  embryo  remains  in  the  eight-chambered  condition 

A  p,-T-  pw  T>  A' )  for  some  time,  until  all  the  chambers  and  their 

dividing  mesenteries  become  equal.  Then  a  fifth  and  a  sixth 
pair  of  mesenteries  are  formed  in  the  chambers  C,  C,  and  D,  D ; 
two  pairs  of  new  chambers,  E  and  F,  are  produced,  and  thus  the 

Actinia  acquires  twelve  chambers  f  A  p  e"^f  t\  r  A'),  five 

of  which  result  from  the  subdivision  of  the  smaller  primary 
chamber,  and  seven  from  that  of  the  larger  primary  chamber. 
The  various  chambers  now  acquire  equal  dimensions,  and  the 
tenta<^los  begin  to  bud  out  from  each.  The  appearance  of 
tlie  tentacles,  however,  is  not  simultaneous.  That  which  pro- 
ceods  from  the  chamber  A'  is  earliest  to  appear,  and  for  some 
time  is  largest,  and,  at  first,  eight  of  the  tentacles  are  larger 
than  the  other  four. 

The  coiled  marginal  ends  of  the  mesenteries  appear  at 
first  upon  the  edges  of  the  two  primary  mesenteries ;  then 
upon  the  edge  of  the  fourth  pair,  and  afterward  upon  those 
of  the  other  pairs. 

For  the  further  changes  of  the  young  Actiniay  I  must 
refer  to  the  work  cited.  Sufficient  has  been  said  to  show  that 
the  development  of  the  Actinioe  follows  a  law  of  bilateral 
symmetry,  and  to  bring  out  the  important  fact  that,  in  the 
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course  of  its  development,  the  finally  hexamerous  Antho- 
zodn  passes  through  a  tetramerous  and  an  octomerous  stage. 

Phenomena  analogous  to  the  "  alternation  of  generations," 
which  is  so  common  among  the  Hydrozoa^  are  unknown 
among  the  great  majority  of  the  Actinozoa.  But  Semper  * 
has  recently  described  a  process  of  agamogenesis  in  two  spe- 
cies of  FungioBy  which  he  ranks  under  this  head.  The  Fungim 
bud  out  from  a  branched  stem,  and  then  become  detached 
and  free,  as  is  the  habit  of  the  genus.  To  make  the  paraUel 
with  the  production  of  a  medusoid  from  a  hydroid  polyp 
complete,  however,  the  stem  should  be  nourished  by  a  sexless 
anthozoOid  of  a  different  character  from  the  forms  of  FungicB 
which  are  produced  by  gemmation.  And  this  docs  not  appear 
to  be  the  case. 

In  one  division  of  the  Coralligena — the  Octocoralla — 
eight  enteroccele  chambers  are  developed,  and  as  many  ten- 
tacles. Moreover,  these  tentacles  are  relatively  broad,  flat- 
tened, and  serrated  at  the  edges,  or  even  pinnatifid.  The 
Actinozoon  developed  from  the  ^gg  may  remain  simple 
(Saimeay  Milne-Edwards),  but  usually  gives  rise  to  a  zoan- 
thodeme. 

The  coenosarc  of  the  zoanthodeme  in  the  Octocoralla  is  a 
substance  of  fleshy  consistence,  which  is  formed  chiefly  of  a 
peculiar  kind  of  connective  tissue,  containing  many  muscular 
fibres  developed  in  the  thickened  mesoderm.  The  axial  cavity 
of  each  anthozooid  is  in  communication  with  a  system  of 
large  canals.  In  Alcyoniumy  a  single  large  canal  descends 
from  each  anthozodid  into  the  interior  of  the  zoanthodeme, 
and  the  eight  mesenteries  are  continued  as  so  many  ridges 
throughout  its  entire  length,'  so  that  these  tubes  have  been 
compared  to  the  thecal  canals  of  the  Millepores.  In  the  red 
coral  of  commerce  ( Corallium  rubruniy  Fig.  30),  the  large 
canals  run  parallel  with  the  axial  skeleton.  A  delicate  net- 
work, which  traverses  the  rest  of  the  substance  of  the  coeno- 
sarc, appears  to  be  sometimes  solid  and  sometimes  to  form  a 
system  of  fine  canals  opening  into  the  larger  ones.  The 
anthozodids  possess  numerous  muscles  by  which  their  move- 
ments are  effected.  The  fibres  are  delicate,  pale,  and  not 
striated.     Nerves  have  not  been  certainly  made  out. 

It  is  in  these  Octocoralla  that  the  form  of  skeleton  which 
is  termed  a  sclerobasCy  which  is  formed  by  cornification  or 

>  **  Uober  Generations-Wechsel  bei  Steinkorallen."    Leipsic,  1872. 
■Pouchei  and  My^vre,  "Contribution  k  I'Anatomie   aes  Alcyoniaires." 
ijjoumdl iPAnatamU  tide  la PhyaiologUy  1870.) 
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calcification  of  the  axial  connective  tissue  of  the  zoantho- 
deme,  occurs.  It  is  an  unattached  simple  rod  in  Pennatula 
and  VeretiUum^  but  fixed,  tree-like,  branched,  and  even  retic- 
ulated, in  the  Oorgonim  and  the  red  coral  of  commerce  ( Co- 
raUium).  In  the  Alcyonia^  or  "  Dead-men's-fingers,"  of  our 
own  shores,  there  is  no  sclerobase,  nor  is  there  any  in  Tubi- 
poray  the  organ-ooral.  But,  whereas  in  all  the  other  Octoco- 
raUa  the  bodies  of  the  polyps  and  the  coenosarc  are  beset  with 
loose  spicula  of  carbonate  of  lime,  Tubipora  is  provided  with 
solid  tubiform  thecse,  in  which,  however,  there  are  no  septa. 

Dimorphism  has  been  observed  by  K()lliker  to  occur  exten- 
sively among  the  PennatuUdce.  Each  zoanthodeme  presents 
at  least  two  different  sets  of  zo(3ids,  some  being  fully  devel- 
oped^ and  provided  with  sexual  organs,  while  the  others  have 
neither  tentacles  nor  generative  organs,  and  exhibit  some 
other  peculiarities/  These  abortive  zo()ids  are  either  scat- 
tered irregularly  among  the  others  (e.  g.,  Sarcophytoriy  Vere- 
tiUum)y  or  may  occupy  a  definite  position  (e.  g.,  Virgtilaria), 

In  the  other  chief  division  of  the  CoraUigena — the  Hexa- 
eortiUa — ^the  fundamental  number  of  enteroccele  chambers  and 
of  tentacles  is  six,'  and  the  tentacles  are,  as  a  rule,  rounded 
and  conical,  or  filiform. 

The  Aotinozo(5n  developed  from  the  egg  in  some  of  the 
EkxcicoraUa  remains  simple,  and  attains  a  considerable  size. 
Of  these — ^the  ActinidcB — many  are  to  some  extent  locomo- 
tive, and  some  {MinycLs)  float  freely  by  the  help  of  their 
contractile  pedal  region.  The  most  remarkable  form  of  this 
group  is  the  genus  CerearUhus,  which  has  two  circlets,  each 
composed  of  numerous  tentacles,  one  immediately  around  the 
oral  aperture,  the  other  at  the  margin  of  the  disk.  The  foot 
is  elongated,  suhconical,  and  generally  presents  a  pore  at  its 
apex.  Of  the  diametral  folds  of  the  oral  aperture,  one  pair  is 
much  longer  than  the  other,  and  is  produced  as  far  as  the 
pedal  pore.  The  larva  is  curiously  like  a  young  hydrozoOn 
with  four  tentacles,  and,  at  one  time,  possesses  four  mesen- 
teries. 

The  ZoanthidcB  differ  from  the  Actinidce  in  little  more 
than  their  multiplication  by  buds,  which  remain  adherent, 
either  by  a  common  connecting  expansion  or  by  stolons ;  and 
in  the  possession  of  a  rudimentary,  spicular  skeleton.  In  the 
AntipathidcB  there  is  a  sclerobasic  skeleton.     The  proper 

*  **  Abhandlumren  der  Senkenbennschen  naturforschendon  GesollBchaft/' 
Bd.  vii.,  viii. 

*  That  U  to  say,  in  tho  adult,  they  are  either  six  or  Bome  multiple  of  aiz. 

7 
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stone-corals  are  essentially  Actinias^  which  become  converted 
into  zoanthodemes  bj  gemmation  or  fission,  and  develop  a 
continuous  skeleton* 

The  skeletal  parts  '  of  all  the  Aetinozoa^  consist  either  of 
a  substance  of  a  homy  character ;  or  of  an  oiganic  basis  im- 
pregnated with  earthy  salts  (chiefly  of  lime  and  magnesia), 
but  which  can  be  isolated  by  the  action  of  dilate  acids ;  or, 
finally,  of  calcareous  salts  in  an  almost  crystaUine  state,  form- 
ing rods  or  corpuscles,  which,  when  treated  with  acids,  leave 
only  an  inappreciable  and  structureless  film  of  organic  matter. 
Tlie  hard  parts  of  all  the  AporosOy  Perforata^  and  Tahulata 
of  Milne-E^lwards  are  in  the  last-mentioned  condition  ;  while, 
in  the  Octocoralla^  except  TtMpora^  and  in  the  Antipaihida^ 
and  Zoanthido'y  among  the  HexciecraUa^  the  skeleton  is  either 
homy ;  or  consists,  at  any  rate,  to  begin  with,  of  definitely 
formed  spiculn,  which  contain  an  organic  basis,  and  frequentfy 
present  a  laminated  structure.  In  the  organ-coral  (Tl/^pom), 
the  skeleton  has  the  character  of  that  of  the  ordinary  stone- 
coralfl,  except  that  it  is  perforated  by  numerous  minute  canals. 

The  skeleton  appears,  in  all  cases,  to  be  deposited  within 
the  mesodemi,  and  in  the  intercellular  substance  of  that  layer 
of  the  b<^dy.  Even  the  definitely  shaped  spicula  of  the  Octo- 
coralla  seem  not  to  result  from  the  metamorphosis  of  cells. 
In  the  simple  aporose  corals  the  calcification  of  the  base  and 
aide  walls  of  the  body  gives  rise  to  the  cup  or  tJieca  ;  from 
tlie  base  the  calcification  extends  upward  in  lamellas,  which 
correspond  with  the  interspaces  between  the  mesenteries,  and 
gives  rise  to  as  many  vertical  septa^  the  spaces  between  which 
are  termed  loculi  ;  while,  in  the  centre,  either  by  union  of  the 
septa  or  independently,  a  column,  the  columella^  grows  up. 
Small  separate  pillars  between  the  columella  and  the  septa  are 
termed  palulU  From  the  sides  of  adjacent  septa  scattered 
processes  of  calcified  substance,  or  synapticulaSy  may  grow 
out  toward  one  another,  as  in  the  Fmigidm  ;  or  the  interrup- 
tion of  the  cavities  of  the  loculi  maybe  more  complete  m 
consequence  of  the  formation  of  shelves  stretching  from  sep- 
tum to  septum,  but  lying  at  different  heights  in  adjacent 
loculi.  These  are  irUerseptcU  dissepiments.  Finally,  in  the 
Tabidata^  horizontal  plates,  which  stretch  completely  across 
the  cavity  of  the  theca,  are  formed  one  above  the  other  and 
constitute  tabular  dissepiments. 

» Set  KoUikcr,  "  loonoe  Ilistolofficap,"  186«.  ,       ^  . 

•  Lacaze-Duthiora'B  investigations  on  Astrasa  oalyeularu  prove  that  the  septa 
begin  to  be  foimed  before  tJie  theea. 
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In  the  Aporoaa  the  theca  and  septa  are  almost  invariably 
imperforate;  but,  in  the  Perforata^  they  present  apertures, 
and,  in  some  Madrepores,  the  whole  skeleton  is  reduced  to 
a  mere  network  of  dense  calcareous  substance.  When  the 
HexacoraUa  multiply  by  gemmation  or  fission,  and  thus  give 
rise  to  compound  massive  or  arborescent  aggregations,  each 
newly-formed  coral  polyp  develops  a  skeleton  of  its  own,  which 
is  either  confluent  with  that  of  the  others,  or  is  united  with 
theni  by  calcification  of  the  connecting  substance  of  the  com- 
mon body.  This  intermediate  skeletal  layer  is  then  termed 
cc$nenchyma. 

The  septa  in  the  adult  HexacoraUa  are  often  very  numer- 
ous and  of  different  lengths,  some  approaching  the  centre 
more  closely  than  others  do.  Those  of  the  same  lengths  are 
members  of  one  ^^  cycle ; "  and  the  cycles  are  numbered  ac- 
cording to  the  lengths  of  the  septa,  the  longest  being  counted 
as  the  first.  In  the  young,  six  equal  septa  constitute  the  first 
cycle.  As  the  coral  grows,  another  cycle  of  six  septa  arises 
by  the  development  of  a  new  septum  between  each  pair  of 
the  first  cycle;  and  then  a  third  cycle  of  twelve  septa  di- 
vides the  previously  existing  twelve  interseptal  chambers  into 
twenty-four.  If  we  mark  the  septa  of  the  first  cycle  A,  those 
of  the  second  B,  and  those  of  the  third  C,  then  the  space  be- 
tween any  two  septa  (A  A)  of  the  first  cycle  will  be  thus  rep- 
resented when  the  third  cycle  is  formed — A  C  B  C  A. 

When  additional  septa  are  developed,  the  fourth  and  fol- 
lowing cycles  do  not  consist  of  more  than  twelve  septa  each  ; 
hence  the  septa  of  each  new  cycle  appear  in  twelve  of  the 
previously  existing  interseptal  spaces,  and  not  in  all  of  them; 
and  the  order  of  their  appearance  follows  a  definite  law,  which 
has  been  worked  out  by  Milne-Edwards  and  Haime.  Thus, 
the  septa  of  the  fourth  cycle  of  twelve  (d)  bisect  the  inter- 
septal space  A  C  ;  and  those  of  the  fifth  cycle  (e)  the  inter- 
septal space  B  C ;  the  septa  of  the  sixth  cycle  (f),  A  d  and 
d  A ;  those  of  thes  eventh  cycle  (g),  e  B  and  B  e ;  those  of  the 
eighth  cycle  (h),  d  C  and  C  d ;  and  those  of  the  ninth  cycle 
(i),  C  e  and  e  C. 

Hence,  after  the  formation  of  nine  cycles,  the  septa  added 
between  every  pair  of  primary  septa  (A,  A)  will  be  thus  ar- 
ranged—A fdhCiegBgeiChdfA.* 

The  stone-corals  ordinarily  known  as  JfiUepores  are  char- 

'  That  the  order  of  occarrence  of  the  septa  of  various  lenffths,  at  the  differ- 
ent stages  of  growth  of  a  ooralUte,  is  that  indicated,  seems  to  bo  clear,  whatever 
may  be  the  exact  mode  of  development  of  the  septa  in  each  cycle. 
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TTif*-  r«!i:eti:t  Ti»rr  tibcrQaek  szii  ear?CB£  inTesugmtioo  of  a 
*p«*nie«  if  JiJl^p*>nM  cctrtirrjiiz  *c  Tahftt.*  br  Mr.  Moselej, 
xMfjfin  it  itill  I^ar^es  os  in  i^oGruice  of  one  unportant 
pr.i.'^i:.  cam*^'.T.  th<?  chantTten  of  the  reprodoctiTe  organs,  jet 
p«^rmit.4  ao  <L.uh€  that  JiilUpor*M  is  a  true  HTtiroaoon  allied  to 
MLjdffpitifkia^  aj  Agajsm  maintaineiL  Toe  surface  of  the 
v.^lnx  MiBAp*ynj  presents  short,  broad  hydranths,  the  mouth 
of  ivhich  ij  ^nrroanded  br  four  short  tentacles.  Around  each 
of  th^^iie  allmentarr  zooids  is  disposed  a  zone  of  fircHn  five  to 
twrrntr  or  more,  mach  ionger,  mouthless  zodids,  over  the  bod- 
irr^  of  which  nameroos  short  tentacles  are  scattered.  Elach 
of  %\\ft%fz  zfAids  expands  at  its  base  into  a  dilatation,  whence 
tubular  prooe«s««  proceed,  which  ramifv  and  anastomose,  giv- 
ing rise  to  a  thin  expanded  hydrosoroa.  The  calcareous  mat- 
U:r  (composcrl  as  usual  of  carbonate,  with  a  small  proportion 
of  pho«(phate  of  lime)  forms  a  dense  continuous  crust  upon 
tho  ficUnlr'Tin  of  the  ramifications  of  the  hjdrosoma,  that  part 
of  it  which  underlies  the  dilatations  of  the  zo5ids  constituting 
tlio  s^pta.  As  the  first  formed  hydrosomal  expansion  is  com- 
ph'.U'A,  nnotfior  is  formed  on  its  outer  surface,  and  it  dies. 
TIk?  "  theoal "  canals  of  the  coral  arise  from  the  correspond- 
our.t^  in  poHilion  of  the  dilatations  of  the  zooids  of  successive 
hydroKomal  layers,  and  the  tabulae  are  their  supporting  plates. 

TliiiM  the  group  of  the   TabiUcUa  ceases  to  exist,  and  its 


•  '♦  Nntural  IIlntory  of  the  United  States,"  vols.  iii.  and  iv.,  1860-'62. 

•  Moncliiy,  **  The*  Structure  and  Relations  of  the  Alcyonarlan,  HeliojHfra 
nrrutM^**  ot<\    ("  I*roccedinjfft  of  the  Royal  Society,"  November,  1875.) 

•  "  rnKHiodln^H  of  the  Royal  Society,"  1876. 
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members  must  be  grouped  either  with  the  HexacoraUa^  the 
OctocoraUa^  or  the  Hydrozoa. 

The  Rugosa  constitute  a  group  of  extinct  and  mainly 
Palseozoic  stone-corals,  the  thecae  of  which  are  provided  with 
tabular  dissepiments,  and  generally  have  the  septa  less  de- 
veloped than  those  of  the  ordinary  stone-corals.  The  arrange- 
ment of  the  parts  of  the  adult  Rugoaa  in  fours,  and-  the 
bilateral  symmetry  which  they  sometimes  exhibit,  are  inter- 
esting peculiarities  when  taken  in  connection  with  the  te- 
tramerous  and  asymmetrical  states  of  the  embryonic  ITexaco- 
rcUla,  On  the  other  hand,  some  of  the  Rugoaa  possess  oper^ 
cula,  which  are  comparable  to  the  skeletal  appendages  of  the 
Alcyonarian  Primnoa  observed  by  LindstrOm,  and  the  te- 
tramerous  arrangement  of  their  parts  suggests  affinity  with 
the  OctoeorcUla,  It  seems  not  improbable  that  these  ancient 
corals  represent  an  intercalary  type  between  the  Hexacoralla 
and  the  OctocoraUa. 

All  the  Actinozoa  are  marine  animals.  The  ActinioB^ 
among  the  HexacoraUa^  and  various  forms  of  OctocoraUa^ 
have  an  exceedingly  wide  distribution,  while  the  latter  are 
found  at  very  great  depths. 

The  stone-corals,  again,  have  a  wide  range,  both  as  respects 
depth  and  temperature,  but  they  are  most  abundant  in  hot 
seas,  and  many  are  confined  to  such  regions.  Some  of  these 
stone-corals  are  solitary  in  habit,  while  others  are  social,  grow- 
ing together  in  great  fields,  and  forming  what  are  called 
**  coral  reefs."  The  latter  are  restricted  within  that  compara- 
tively narow  zone  of  the  earth's  surface  which  lies  between 
the  isotherms  of  60°,  or,  in  other  words,  they  do  not  extend 
for  more  than  about  30°  on  either  side  of  the  equator.  It  is 
not  conditions  of  temperature  alone,  however,  which  limit 
their  distribution ;  for,  within  this  zone,  the  reef-builders  are 
not  found  alive  at  a  greater  depth  than  from  fifteen  to  twenty 
fathoms,  while  at  the  equator,  an  average  temperature  of  68° 
is  not  reached  within  a  depth  of  100  fathoms. 

Not  only  heat,  then,  but  light,  and  probably  rapid  and 
effectual  aeration,  are  essential  conditions  for  the  activity  of 
the  reef-building  Actinozoa,  But,  even  within  the  coral  zone, 
the  distribution  of  the  reef-builders  appears  to  be  singularly 
capricious.  None  are  found  on  the  west  coast  of  Africa,  very 
few  on  the  east  coast  of  South  America,  none  on  the  west 
coast  of  North  America ;  while  in  the  Indian  Ocean,  the  Pa- 
cific, and  the  Caribbean  Sea,  they  cover  thousands  of  square 
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itiiles.  It  is  by  no  means  certain,  however,  that  any  one 
species  of  West  India  reef-coral  is  identical  with  any  E^t 
Indian  species,  nnd  the  corals  of  the  central  Pacific  differ  very 
considerably  from  those  of  the  Indian  Ocean. 

Different  species  of  corals  exhibit  great  differences  as  to 
the  rapidity  of  their  growth,  and  the  depth  at  which  they 
flourisli  best ;  and  no  one  must  be  taken  as  evidence  for  anoth- 
er in  these  respects.  Certain  species  of  Perforata  (Madre- 
porklu  and  PorUidcs)  appear  to  be  at  once  the  fastest  grow- 
ers, and  those  which  delight  in  the  shallowest  waters.  The 
AHtrwkhn  among  the  AporosOy  and  Seriatopora  among  the 
Tabulatay  live  at  greater  depths,  and  are  probably  slower  of 
increase. 

Under  the  peculiar  conditions  of  existence  which  have 
just  been  described,  it  would  seem  easy  enough  to  compre- 
hend, a  priori^  the  necessary  arrangement  of  coral-reefs.  As 
the  recf-building  Actinozoa  cannot  live  at  greater  depths  than 
twenty  fathoms,  or  thereabouts,  it  is  clear  that  no  reef  can 
be  originally  formed  at  a  greater  depth  below  the  surface,  and 
such  a  deptli  usually  implies  no  very  great  distance  from  land. 
Furthermore,  we  should  expect  that  the  growth  of  the  coral 
would  fill  up  all  the  space  between  the  shore  and  this  farthest 
limit  of  its  growth  ;  so  that  the  shores  of  coral  seas  would 
be  friufred  by  a  sort  of  flat  terrace  of  coral,  covered,  at  most, 
by  a  very  few  feet  of  water ;  that  this  terrace  would  extend 
out  until  the  shelving  land  upon  which  it  had  grown  descended 
to  a  depth  of  some  twenty  fathoms ;  and  that  then  it  would 
suddenly  end  in  a  steep  wall,  the  summit  and  upper  parts  of 
which  would  bo  crowned  with  overhanging  ledges  of  living 
coral,  while  its  base  would  be  hidden  by  a  talus  of  dead 
fragments,  torn  off  and  accumulated  by  the  waves.  Such  a 
'*  friugiiifjr  reef"  as  this,  in  fact,  surrounds  the  island  of 
Mauritius.  The  beach  hero  does  not  gradually  shelve  down 
into  the  depths  of  the  sea,  but  passes  into  a  flat,  irregular 
bank,  covered  by  a  few  feet  of  water,  and  ternunating  at  a 
greater  or  loss  distance  from  the  shore  in  a  ridge,  over  which 
the  sea  constantly  breaks,  and  the  seaward  face  of  which 
slopes  at  once  sheer  down  into  fifteen  or  twenty  fathoms  of 
water. 

The  structure  of  .a  fringing  reef  varies  at  different  dis- 
tances from  the  land,  and  at  different  depths  in  its  seaward 
face.     The  edge  beaten  by  the  surf  is  composed  of  living 

of  JPariteSy  And  of  the  coral-like  plant,  the  NtUUpore; 

1  this  is  a  zone  of  Aporoaa  {AstfwidoB)^  and  of 
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Millepores  (SericUopora)  ;  while,  deeper  still,  all  living  coral 
ceases ;  the  lead  bringing  up  either  dead  branches,  or  show- 
ing the  existence  of  a  flat,  gently-sloping  floor,  the  true  sea- 
bottom,  covered  with  fine  coral  sand  and  mud.  Passing  from 
the  edge  of  the  reef  landward,  the  Poritidm  cease,  and  are 
replaced  by  a  ridge  of  agglomerated  dead  branches  and  sand, 
coated  with  NMipore;  the  floor  of  the  shallow  basin,  or 
^  lagoon,"  inclosed  between  the  reef  and  the  land,  is  formed 
bj  a  conglomerate,  composed  of  fragments  of  coral  cemented 
by  mud  ;  and,  on  this,  Meandrinm  and  FungicB  rest  and 
flourish,  exhibiting  the  most  gaudy  coloration,  and  sometimes 
attaining  a  great  size.  During  storms,  masses  of  coral  are 
hurled  on  to  the  floor  of  the  lagoon,  and  there  gradually  in- 
crease the  accumulation  of  rocky  conglomerate ;  but  in  no 
other  way  can  a  fringing  reef,  which  has  once  attained  its 
limit  in  depth,  increase  in  size,  unless,  indeed,  the  talus  ac- 
cumulating at  the  foot  of  its  outer  wall  should  ever  rise  suffi- 
ciently high  to  afford  a  footing  for  the  corals  within  their  pre- 
scribed limits  of  depth. 

Such  is  the  structure  of  a  fringing  reef ;  but  the  great 
majority  of  reefs  in  the  Pacific  are  very  different  in  their 
cluuracter.  Along  the  northeastern  coasts  of  New  Holland, 
for  instance,  a  vast  aggregation  of  reefs  lies  at  a  distance 
from  the  shore  which  varies  from  a  hundred  to  ten  miles ; 
forming  a  mighty  wall  or  barrier  against  the  waves  of  the 
Pacific.  At  a  few  hundred  yards  outside  this  "  barrier  reef  " 
no  bottom  can  be  obtained  with  a  sounding-line  of  a  thousand 
fathoms;  between  the  reef  and  the  mainland,  on  the  con- 
trary, the  sea  is  hardly  ever  more  than  thirty  fathoms  deep. 
Many  of  the  islands  of  the  Pacific,  again,  are  encircled  with 
reefs  corresponding  exactly  in  their  character  with  the  barrier 
reef ;  separated,  that  is,  by  a  relatively  shallow  channel  from 
the  land,  but  facing  the  sea  with  an  almost  perpendicular  wall 
which  rises  from  a  very  great  depth. 

Finally,  in  many  cases,  especially  among  the  single  reefs, 
which  taken  together  constitute  the  great  Australian  barrier, 
there  is  no  trace  of  any  central  island ;  but  a  circular  reef, 
usually  having  an  opemng  on  its  leeward  side,  stands  out  in 
the  midst  of  the  sea.  These  reefs,  apparently  unconnected 
with  other  land,  are  what  are  called  "  Atolls." 

How  have  these  barrier  reefs,  encircling  reefs,  and  atolls, 
been  formed  ?  It  is  certain  that  the  fabricators  .of  these  reefs 
cannot  live  at  a  greater  depth  than  in  the  fringing  reefs. 
How  can  they  have  grown  up,  then,  from  a  thousand  fathoms 
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I.*  L-.T  TLi^.  ziic  rrisLV^  'Jiikz.  litfr  rue  c^  iq>«ard  growth  of 
'xn^  .  .-.cil:.::-^!  f  ic  a^  ii;.e?  lore.  As  iht  edge  of  the  fring- 
ing :^^'  «"*-  :>:v  MCkl  v:cjii  crew  ^-  from  it  to  the  snr- 
i^iK :  a^i.  Lft  '^  zjiis;  ^ztiTe  axki  lai^crtaBi  oi  the  reef- build- 
en  Zf-,'^r^  ceK  iz.  ti>i'  T«r7T  serf  d  xht  t-seakeiv  so  the  maigin 
K-i  xzk  T^i  vcd'i  zr:w  fain^r  uan  ii£  inner  pcrtjon,  and  the 
diiCTirpaijCT  iri^i  iacre^se  as  t^  l&uer.  sinking  deeper  and 
de«:^<^r.  crr^iacie  ianber  resKTcc  from  the  region  of  active 
grr^-m^L,  N*rTrr:birl-e^5,  tbe  <«a-cc-ttom  within  the  reef  would 
ccmz.^z^Cr  trrod  :o  l^  rai<<<i  cr  the  accumulation  of  frag- 
mv:.:*,  aLi  hj  iLe '^ep-i"*;!  cf  Lne  mud,  in  its  sheltered  and 
cocijjarativelv  calia  waiers.  C^  the  other  hand,  on  the  sea- 
ward face  of  tLr  reef,  no  p^'ssilue  extension  could  take  place 
hv  direct  growth:  and  that  bjr  accumulation  must  be  exceed- 
iDgly  £low,  the  incessant  wash  of  tides,  waves,  and  currents, 
tending  incessantly  to  spread  any  talus  over  a  wider  and 
wider  area. 

Thus,  then,  the  edge  of  the  reef  unceasingly  compensates 
itself  for  the  depression  which  it  undergoes,  while,  inside  the 
reef,  only  a  partial  compensation  takes  place,  and,  outside, 
hardly  any  at  all.  Continue  the  sinking  process  until  its 
highest  peak  was  but  a  few  hundred  feet  above  the  surface, 
and  all  that  would  be  left  of  Mauritius  would  be  an  island 
surrounded  by  an  encircling  reef ;  carry  on  the  depression 
further  still,  and  a  circular  reef,  or  atoll,  alone  would  remain. 
But  the  region  of  the  coral-reefe  is,  for  the  most  part,  that  of 
constant  winds.  During  the  whole  process  of  growth  of  the 
reef,  therefore,  one  of  its  sides — that  to  windward — has  been 
exposed  to  more  surf  than  that  to  leeward.  Not  only  will 
the  greater  quantity  of  dibris^  therefore,  have  been  heaped 
up  by  storms  upon  the  windward  side,  but  the  coral-builders 
themselves  will  h<?re  have  been  better  fed,  better  a(3rated,  and 
roiisequontly  more  active.  Hence  it  is  that,  other  things 
})oing  alike,  there  is  a  probability  that  the  leeward  side  of 
tho  reof  will  grow  more  slowly,  and  repair  any  damages  less 
easily,  than  the  windward  side ;  and  hence,  again,  as  a  result, 
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the  known  fact  that  the  practicable  channels  of  entrance  into 
endrding  reefs  or  atolls  are  usually  to  leeward. 

The  winds  and  waves  are  singularly  aided  in  grinding 
down  the  corals  into  mud  and  fragments  by  the  Scari  and 
SolothtsricB  which  haunt  the  reefs  ;  the  former  browsing 
upon  the  living  polyps,  with  their  hard  and  parrot-like  jaws, 
and  passing  a  fine  calcareous  mud  in  their  excrements  ;  the 
latter,  more  probably,  swallowing  only  the  smaller  fragments 
and  mud,  and,  having  extracted  from  them  such  nourishment 
as  they  may  contain,  casting  out  a  similar  product.  It  is 
curious  to  reflect  upon  the  similarity  of  action  of  these  worm- 
like SolothurioB  upon  the  sea-meadows  of  coral,  to  that 
which  the  Earthworms,  as  Darwin  has  shown,  exert  upon  our 
land-meadows  I 

In  the  Palaeozoic  period  reefs  like  those  which  have  just 
been  described  appear  to  have  abounded  in  our  own  latitudes  ; 
and  there  is  the  most  striking  superficial  resemblance  be- 
tween the  ancient  beds  of  calcareous  rock  which  record  their 
existence,  and  the  masses  of  coral  limestone,  hard  enough  to 
clink  with  a  hammer,  which  are  now  being  formed  in  the 
Pacific,  by  the  processes  of  accumulation  of  coral  mud  and 
fragments,  and  their  consolidation  by  percolating  water. 
Closer  examination,  however,  shows  an  important  difference 
in  the  nature  of  the  corals  which  compose  the  two  reefs.  The 
modern  limestones  are  made  up  of  Perforata^  Millepores, 
and  Aporosa.  The  ancient  ones  contain  Millepores,  but  usu- 
ally neither  Perforata  nor  Aporosa — both  these  groups  being 
replaced  by  the  Rugosa^  Jione  of  whose  members  (with  some 
doubtful  exceptions)  have  survived  the  Palaeozoic  period. 
On  the  other  hand,  PcUmoct/clus  and  Pleurodictyon  are  the 
only  genera  belonging  to  the  Aporosa  or  Perforata^  which 
have  yet  been  discovered  in  strata  of  greater  than  mcsozoic 
age. 

The  Ctenophora.* — These  are  freely-swimming  marine 
animals,  which  never  give  rise  by  gemmation  to  compound 
organisms,  and  are  always  of  a  soft  and  gelatinous  consist- 
ence, their  chief  bulk  being  made  up  by  the  greatly -devel- 
oped mesoderm.     Many  are  oval  or  roimded  {BerdCy  Pleuro- 

»  Allman  ("  Monograph  of  the  Tubularian  Hydroids,"  1871,  page  8)  consid- 
on  that  the  CUnophora  are  more  properlv  arranged  among  the  Hydrozoa.  I 
oonfeaa,  however,  that  I  see  no  reason  to  depart  from  the  conclusion  to  which 
I  was  led  by  the  study  of  the  structure  of  PUurabrachia^  many  years  ago,  that 
the  OURopnora  are  peculiarly  modi^ed  Adinozoa, 
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brachiay  Fig.  31),  while  in  others  the  body  is  produced  into 
lobes  (CaUianira)y  or  maj  even  be  ribbon-shaped  (Ceatum)  ; 
but,  whatever  their  form,  they  present  a  distinct  bilateral 
symmetry,  similar  parts  being  disposed  upon  opposite  sides 
of  a  median  plane,  which  is  traversed  by  the  axis  of  the 
body.  The  mouth  is  situated  at  one  end  of  this  axis,  which 
may  be  termed  the  oral  pole.  At  the  opposite,  or  aboral 
pole,  there  is  no  median  aperture,  but  usually,  if  not  inva- 
riably, a  pair  of  apertures  a  short  distance  apart.  The  faces 
of  the  halves  of  the  body  present  four  longitudinal  bands  of 
long  and  strong  cilia,  disposed  in  transverse  rows,  like  so 
many  paddles ;  these  constitute  the  chief  organs  of  locomo- 
tion. Each  half  is  also  often  provided  with  a  long  retractile 
tentacle  ;  and  lobed  .processes  of  the  body,  or  non-retractile 
tentacula,  may  be  developed  on  its  oral  face.  The  mouth 
leads  into  a  wide,  but  flattened,  gastric  sac,  the  aboral  end  of 
which  is  perforated,  and  leads  into  a  chamber  termed  the 
infu7idibulum.  From  the  aboral  face  of  this,  a  canal  which 
bifurcates,  or  two  canals,  lead  to  the  aboral  apertures.  On 
opposite  sides  of  the  infundibulum  a  canal  is  given  off  toward 
the  middle  of  each  half  of  the  body,  which  sooner  or  later 
divides  into  two,  and  these  two  again  subdivide,  so  that  four 
canals,  which  diverge  and  radiate  toward  the  inner  faces  of 
the  rows  of  paddles,  are  eventually  formed.  Having  reached 
the  surface,  each  radiating  canal  enters  a  longitudinal  canal, 
which  underlies  the  row  of  paddles,  and  may  give  off  branches, 
or  unite  with  the  other  longitudinal  canals  in  a  circular  canal 
at  the  aboral  end  of  the  body.  In  addition,  two  other  canals, 
which  run  parallel  with  each  flat  face  of  the  gastric  sac,  open 
into  the  infundibulum.  And,  when  retractile  tentacula  are 
present,  their  cavities  also  communicate  with  the  same  cham- 
ber. 

The  entire  system  of  canals  is  in  free  communication  with 
the  gastric  cavity,  and  corresponds  with  the  enterocoele  of 
an  Actinia,  Indeed,  an  Actinia  with  only  eight  mesenter- 
ies, and  these  exceedingly  thick,  whereby  the  intermesenteric 
chambers  would  be  reduced  to  canals ;  with  two  aboral  pores 
instead  of  the  one  pore,  which  exists  in  Cereanthus ;  and 
with  eight  bands  of  cilia  corresponding  with  the  reduced 
intermesenteric  chambers,  would  have  all  the  essential  pecu- 
liarities of  a  Ctenophoran. 

The  question  whether  the  Ctenophora  possess  a  nervous 
system  or  not  is  still  under  debate.  Between  the  aboral  aper- 
tures there  is  a  rounded    cellular  body,  on  which  there  is 
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seated,  in  many  cases,  a  sao  containing  solid  particles,  like 
one  o£  the  lithocysts  of  the  medueiform  Sydrozoa.  I  see  no 
reason  to  doubt  that  the  rounded  body  is  a  ganglion  and  the 
■ao  a  rudimentary  auditory  organ.  Bands  which  radiate 
from  the  ganglion  to  the  rows  of  paddles  may  be  regarded 
as  nerves  ;  though  they  may  contain  other  than  nervous 
stmotures.' 

The  ova  and  spermatozoa  are  developed  in  the  lateral 
walls  of  the  longitudinal  canals,  which  correspond  with  the 
fiwes  of  the  mesenteries  in  the  CoraUiffena,  and  the  sexes 
are  usually  united  in  the  same  individual. 


,— Dlunm  or  FfBinbraeAla.—a,  moatb:  b,  atDnuch;  e, ,  _. 

'  ciaal;«,  one  ot  iU  tannctaes  dlyldlDK  ■gitn  at  /  Inlo  two  tinncW 

.   ___    ,..a  Into  tlia  lonaitDdliuil  odbI«.  0  7i  pirillel  wttli  wlilch  Uis  ciliated 
•na  rnu ;  *,  uc  oT  tba  Unlacla,  I.  wllh  one  0?  Ua  bcandiea,  t  ,■  /,  canal  mn- 

nlDiibr  ihealdaof  "-  -' "■    -  • " '■  -  -  ' ' 

■t  ilia  abonl  aper 

dinal  conja  proceeded  in  Cydi}ipe  {PUurobraeh.  , , 
been  Torifled  by  subaequGut  inve»tigatora.  Accordini!  to  Milne-Edwurds,  fol- 
lowed by  othera  (amon^  whom  I  must  include  mTaelf),  the  nervous  flystem 
contiata  of  a  i^anjiiion,  eituated  at  the  aboral  ^lole  of  the  body,  whence  nerrea 
_j-_._   .1 ■ r  _i.:_i.  __g  gjgiit  c„njg  which  ran  dovn  the 

other  hand,  hjive  denied  that  the 

aiirt)  are  juatiy  intBrpretfld.    And  -.„_..,  ^.^ j,  — 

otolttbic  aac,  undoubtedly  exists  in  the  poaition  indicatod  in  all  01 
Cttnophora,  the  queetioo  hoa  been  raised  whether  it  is  an  auditory  or  1 

These  problemg  have  been  recently  reinvestigaUd  with  neat  core,  as 
IhB  aid  of  the  refined  raothoda  of  modem  hietolog}',  by  Dr.  Eimer,  whoa 
ecription  of  the  nervous  ayatom  has  already  been  quoted  (.Ktpra,  p.  6B). 
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The  development  of  the  Ctenophara  has  recently  been 
thoroughly  investigated  by  Kowalewaky  and  by  A.  Agassis 
(''  Memoirs  of  the  American  Academy  of  Arts  and  Sciences,'^ 
1874). 

The  laid  egg  is  contained  in  a  spacious  capsule,  and  cod- 
sists  of  an  external  thin  layer  of  protoplasm,  which,  in  some 
cases,  is  contractile,  investing  an  inner  vesicular  substance. 
After  fecundation,  the  vitellus  thus  constituted  divides  into 
two,  four,  and  finally  eight  masses  ;  on  one  face  of  each  of 
these  the  protoplasmic  layer  accumulates,  and  is  divided  off 
as  a  blastomere  of  much  smaller  size  than  that  from  which  it 
arises.  By  repeated  division,  each  of  these  gives  rise  to  still 
smaller  blastomeres,  which  become  distinctly  nucleated  when 
they  have  reached  the  number  of  thirty-two,  and  form  a 
layer  of  cells,  which  gradually  spreads  round  the  large  blas- 
tomeres, and  invests  them  in  a  complete  blastodermic  sac 
At  the  pole  of  this  sac,  on  the  face  opposite  to  that  on  which 
these  blastoderm-cells  begin  to  make  their  appearance,  an 
ingrowth  or  involution  of  the  blastoderm  takes  place,  which, 
extending  through  the  middle  of  the  large  yelk-masses  tow- 
ard the  opposite  pole,  gives  rise  to  the  alimentary  canaL 
This,  at  first,  ends  by  a  rounded  blind  termination  ;  but  from 
it,  at  a  later  period,  prolongations  are  given  off  which  be- 
come the  canals  of  the  enterocoele. 

At  the  opposite  pole,  in  the  centre  of  the  region  corre- 
sponding with  that  in  which  the  cells  of  the  blastoderm  first 
make  their  appearance,  the  nervous  ganglion  is  developed  by 
metamorphosis  of  some  of  these  cells. 

The  invaginated  portion  of  the  blastoderm,  which  gives 
rise  to  the  alimentary  canal,  appears  to  answer  to  the  hypo- 
blast, while  the  rest  corresponds  with  the  epiblast.  The 
large  blastomeres  which  become  inclosed  between  the  epi- 
blast and  hypoblast  in  the  manner  described  seem  to  serve 
the  purpose  of  a  food-yelk ;  and  the  space  which  they  origi- 
nally occupied  is  eventually  filled  by  a  gelatinous  connective 
tissue,  which  possibly  derives  its  origin  from  wandering  cells 
of  the  epiblast. 

In  those  Ctenophora  the  bodies  of  which  depart  widely 
from  the  globular  form  in  the  adult  state,  the  young  undergo 
a  sort  of  metamorphosis  after  they  leave  the  egg^  and  have 
acquired  all  the  essential  characters  of  the  group  to  which 
they  belong. 

As  might  be  expected  from  their  extreme  softness  and 
perishable  nature,  no  fossil  Ctenophora  are  known. 


CHAPTER  IV. 

THS  TUSBELLASIA,  THE  BOTIFEBA,  THE  TBEMATODA,  AND  THE 

CESTOIDEA. 

The  Tubbsllabia. — The  animals  which  constitute  this 
^Toup  inhabit  fresh  and  salt  water  and  damp  localities  on 
land.  The  smallest  are  not  larger  than  some  of  the  Infusoria^ 
which  they  approach  very  closely  in  appearance,  while  the 
largest  may  attain  a  length  of  many  feet.  Some  are  broad, 
flattened,  and  discoidal,  while  others  are  extremely  elongated 
and  relatively  narrow.  None  are  divided  into  distinct  seg- 
ments, except  the  genus  AlauriJia^  in  which  there  are  four ; 
and  the  ectoderm,  which  constitutes  the  outer  surface  of  the 
body,  is  everywhere  beset  with  vibratile  cilia.  Rod-like 
bodies,  similiar  to  those  met  with  in  some  Infusoria  and  in 
many  Anneliday  are  often  imbedded  in  its  substance,  and  in 
some  genera  (e.  g.,  Microstomum^  ThyaanozoOn)  true  thread- 
cells  occur.  Stiff  setae  project  from  the  ectoderm  in  some 
species. 

The  aperture  of  the  mouth  is  sometimes  situated  at  the 
anterior  end  of  the  body,  sometimes  in  the  middle,  or  toward 
the  posterior  end,  of  its  ventral  face.  In  many,  the  oral 
aperture  is  surrounded  by  a  flexible  muscular  lip,  which  some- 
times takes  on  the  form  of  a  protrusible  proboscis. 

A  definite  digestive  cavity  can  hardly  be  said  to  exist  in 
the  lowest  TurbeUaria  (o.  g.,  Convoluta)-  in  which  the  endo- 
dermal  cells  are  not  arranged  in  such  a  manner  as  to  bound  a 
central  alimentary  cavity,  and  the  food  finds  its  way  through 
the  interstices  of  an  cndodermal  parench3rma.  In  the  higher 
forms,  the  alimentary  cavity,  which  may  be  simple  or  rami-' 
fled,  provided  with  an  anal  aperture  or  without  one,  is  lined 
by  the  endodcrm,  between  which  and  the  ectoderm  is  an  in- 
terspace more  or  less  completely  occupied  by  the  connective 
and  muscular  tissues  of  the  mesoderm.  Hence  there  is  no 
definite  perivisceral  cavity. 
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Tho  TurbeUaria  possess  vessels  of  two  kinds :  1.  WaUr- 
vessels^  wbich  open  externally  by  one  or  more  pores,  and  are 
ciliated.  When  these  vessels  are  present,  there  are  usuallj 
two  chief  lateral  trunks,  from  which  many  branches  are  given 
off.  It  is  probable  that  the  ultimate  ends  of  these  branches 
open  into  lacunar  interspaces  between  the  elements  of  the 
tissues  of  the  mesoderm.  2.  Pseud-hcemal  vessels ^  which  ap- 
pear to  form  a  closed  system,  usuallv  consisting  of  one  median 
dorsal  and  two  lateral  trunks,  which  anastomose  anteriorly 
and  posteriorly.  The  walls  of  these  vessels  are  contractile 
and  not  ciliated,  and  their  contents  are  dear,  and  may  be 
colored.  These  two  systems  of  vessels  have  been  shown  by 
Schulze  to  coexist  in  Tetrastemma.  The  nervous  system  con- 
sists of  two  ganglia  placed  in  the  anterior  end  of  the  body, 
from  which,  in  addition  to  other  branches,  a  longitudinal  cord 
extends  backward  on  each  side  of  the  body.  In  some  cases, 
these  lateral  trunks  exhibit  ganglionic  enlargements,  from 
which  nerves  are  given  off ;  and  they  may  become  approxi- 
mated on  the  ventral  side  of  the  body,  thereby  showing  a 
tendency  to  the  formation  of  the  double  ganglionated  chain 
characteristic  of  higher  worms.  Most  possess  eyes,  and  some 
have  auditory  sacs.  The  TurbeUaria  are  botn  monoecious 
and  dioecious,  and  the  reproductive  organs  vary  from  the 
utmost  simplicity  of  structure  to  considerable  complexity. 
In  most,  the  embryo  passes  by  insensible  gradations  into  the 
form  of  the  adult,  but  some  undergo  a  remarkable  metamor^ 
phosis. 

The  TurbeUaria  are  divisible  into  two  groups.  In  the  one, 
the  Aprocta^  the  digestive  cavity  is  csecal,  having  no  anal 
aperture  ;  in  the  other,  the  Ptoctucha^  it  is  provided  with  an 
anal  opening.  The  two  groups  form  parallel  series,  in  each 
of  which  organization  advances,  from  forms  which  are  little 
more  than  gastrulse  provided  with  reproductive  organs,  to 
animals  of  relatively  high  organization.  In  the  simplest  of 
the  Aprocta^  such  as  Macrostomumy^  the  oral  opening  is 
devoid  of  any  protrusiblc  muscular  proboscis,  and  the  aliment- 
ary sac  is  a  simple  straight  bag.  The  male  and  female  gen- 
erative organs  are  united  in  the  same  individual,  and  each 
consists  of  an  aggregation  of  cells;  which,  in  the  former  case, 
gradually  enlarge,  fill  with  yelk-granules,  and  become  ova; 
while,  in  the  latter,  they  are  converted  into  spermatozoa. 
The  generative  cells  are  contained  within  a  sac,  which  opens 

>  E.  Van  Bcncden,  "  Bocherohos  sur  la  Composition  et  la  Siin^ification  de 
rCEuf,"  1870,  p.  64. 
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extetsally  by  a  median  pore  on  the  oral  face  of  the  body,  the 
male  aperture  being  posterior  to  the  female.  The  margins  of 
the  male  aperture  are  produced  into  a  curved  prominence,  the 

Those  Turbeliaria  which  resemble  Macrostomum  in  having 
a  strairiit,  simple  digestive  cavity,  are  termed  RhaMocoda. 
They,  fot  the  most  part,  possess  a  buccal  proboscis,  which  is 
08p»lHe  of  being  protruded  from,  or  retracted  into  a  chamber 


.  _   ayvtem ;  nmtBcatloDi  ot 
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formed  by  the  walls  of  the  etrcum-oral  region  of  the  body 
tRg.33,c). 

In  some  (e.  g.,  Proatomum)  the  anterior  end  of  the  body  is 
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provided  with  a  second  hollow  muscular  proboscidiform  organ, 
which  may  be  termed  the /ratUtU  proboseia. 

Id  all^  the  higher  rhabdocoelous  IhtrbeGaria,  the  female 
generatire  apparatus  becomes  complicated  by  the  presence 
of  a  spenal  gland,  the  viUUarium  (Fig,  32,  m),  in  which  an 
accessorj  ritelline  substance  is  formed.     There  is  a  single  or 
double  gtmuMrium  (Fig.  32,  /),  having  nearly  the  same  struct- 
ure as  the  ovaiy  of  Macroftomutny  and  the  ova  are  fonned 
in  it  in  the  same  way.     Wben  detached,  however,  they  con- 
tain no  vitelline  granules  ;  but  the  two  vitellaria,  which  are 
long  and  simple  or  branched  tubes,  open  into  the  oviduct ; 
and   the  vitelline  matter  which  they  secrete  envelops   the 
proper  ovum,  and  becomes  more  or  less  fused  with  it,  as  it 
passes  into  tbe  uterine  continuation  of  the  oviduct  connected 
with  the  outer,  or  vaginal,  end  of  the  uterus.    There  is  usually 
a  spermatheca,  or  receptacle  for  the  seminal  fluid  (Fig.  32,  A:), 
and  the  eggs,  after  impregnation,  are  inclosed  within  a  hard 
shell  (Fig.  32,  u).     The  testes  and  vasa  deferentia  (Fig.  32, 
cf,  e)  generally  have  tbe  form  of  two  long  tubes.     The  penis 
is  often  eversible  and  covered  with  spines  (Fig.  32,  g). 

In  some  genera  a  difference  is  observed  between  the  eggs 
produced  in  summer,  which  have  a  soft  vitelline  membrane, 
and  those  produced  later.  These  so-called  winter  ova  have 
hard  shells. 

The  water- vascular  system  consists  of  lateral  trunks, 
which  open  by  a  terminal  pore,  or  by  many  pores,  and  give 
off  numerous  ramifications.  They  are  not  contractile,  but 
their  inner  surface  is  ciliated. 

Many  of  the  Rhabdocoda  multiply  by  transverse  fission  ; 
and,  in  the  genus  Catenida^  the  incompletely  separated  ani- 
mals produced  in  this  way  swim  about  in  long  chains. 

The  vitellus  of  the  impregnated  ovum  undergoes  complete 
yelk-divison,  and  the  embryos  pass  directly  into  the  form  of 
the  parent ;  but  the  precise  nature  of  the  steps  of  the  devel- 
opmental process  requires  further  investigation.  However, 
there  seems  little  reason  to  doubt  that  the  ectoderm  and  en- 
doderm  are  formed  by  delamination. 

In  the  remaining  Aprocta^  termed  Dendroccela^  the  diges- 
tive cavity  gives  off  many  csecal,  frequently  branched,  pro- 
cesses into  the  mesoderm,  one  of  which  is  always  median  and 
anterior  (Fig.  33)  ;  and  the  mouth  is  always  provided  with  a 
proboscis.  Some  (Procotyla)  have  a  frontal  proboscis,  and 
others  (Bdellura)  a  posterior  sucker.     The  animals  commonly 
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k&own  as  Jtanarkt  belong  to  tbis  division.    Some  are  ma* 
riiw,  some  besh-water,  and  some  terrestrial. 

In  the  fresb-water  forms,  the  female  reproductive  appa- 
ntna  has  a  distinct  vitellariutn,  as  in  the  liigter  Jihabdoccda, 
and  there  is  only  one  common  genital  aperture.  But,  in  the 
marioe  JHemaria  (Fig.  33),  there  is  no  vitellarium  ;  the  ova- 
riea  and  testea  are  numerous,  and  scattered  through  the  meao- 
denD,  bein^  oonneoted  with  the  exterior  by  rami6cations  of 
tfa«  ovldacts  and  of  the  vasa  deferentia.  A  ramified  gland, 
whidi  aeoretea  a  Tiaoid  albnmen  or  envelope  for  the  eggs, 


Tia,  tt^nifettU  (L^itmlana)  tacigaia  (siter  QiutrchKBi).— o,  moalh ;  b,  boM^ 
eiTl»;  c,  aopbissiroillca  ;  d,  ■tomacti ;  e,  rsmiacitiom  of  mtrlc  em^;  r, 
nntfl*;  a.  te>U>;  A.  TciIcDlB  lemiulea :  1,  nuile  kcoIUL  canal  and  peota  ;  k,  otl- 
doctai  j,  apenutliecaldUitallonBl  thDlrJODctlDnj  m,  vnlv*. 

opens  into  the  vagina,  and  the  female  is  distinct  from  the 
male  aperture.     Flanaria  dioica  is  unisexual. 

Id  aome  of  the  Hanaria  there  are  distinct  water-vascular 


162         THE  ANATOXT  OF  INY£RTEBRATED  ANIMAI^ 

canals  of  the  ordinary  kind ;  but  in  the  land  Planarians  ^  two 
nearly  simple  canals,  occupied  by  a  spongy  tissue,  and  the 
connection  of  which  with  the  exterior  has  not  been  observed, 
occupy  the  place  of  the  water-vessels. 

The  fresh-water  PlaruMria^  like  the  Hhabdocodaj  undergo 
no  metamorphosis  in  the  course  of  their  development ;  and 
the  like  is  true  of  some  of  the  marine  Dendroccda.  Kefer- 
stein'  has  carefully  worked  out  the  development  of  LepUh 
plana  (Poli/celis),  The  vitellus  undergoes  division  first  into 
two  and  then  into  four  equal  blastomeres  ;  next,  from  one 
surface  of  these  four  blastomeres,  four  small  segments  are,  as 
it  were,  pinched  off.  These  divide  rapidly,  and  form  a  blas- 
toderm, which  grows  over  the  more  slowly  dividing  large  seg- 
ments, and  eventually  incloses  them.  So  far,  the  process  is 
very  similar  to  that  which  has  been  described  in  the  Cteno- 
phora.  But  though  Keferstein  describes  and  figures  the 
various  stages  by  which  the  globular  ciliated  embrj'o  attains 
the  form  of  the  adult,  neither  his  description  nor  the  figures 
enable  one  to  say  whether  the  alimentary  cavity  arises  by  de- 
lamination  or  by  invagination,  nor  to  trace  the  mode  of  origi- 
nation of  the  buccal  proboscisough,  th  this  organ  is  one  of 
the  first  to  make  its  appearance,  and  its  aperture  becomes  the 
future  mouth. 

In  some  of  the  marine  JPlanaricB^  however,  the  embryo, 
when  it  leaves  the  egg,  differs  very  widely  from  the  adult. 
Johannes  Muller  described  such  a  larva,  in  which  the  body  is 
provided  with  eight  lobes  or  processes,  one  ventral  and  median 
m  front  of  the  mouth,  three  lateral,  and  one  dorso-median. 
The  edges  of  these  processes  are  fringed  by  a  continuous 
series  of  cilia,  which  pass  from  one  process  on  to  another,  so 
as  to  form  a  complete  circlet  round  tne  body.  The  successive 
working  of  the  cilia  forming  this  lobed  transverse  girdle  of  the 
body  produces  the  appearance  of  a  rotating  wheel,  as  in  the 
Rotifera,  The  eyes  are  situated  on  the  aboral  face  of  the 
embryo,  in  front  of  the  ciliated  circlet,  while  the  mouth  opens 
immediately  behind  it.  As  development  proceeds,  the  lobes 
disappear,  and  the  body  takes  on  the  ordinary  Planarian 
character. 

As  will  be  seen,  some  of  the  Proctxicha  have  larvsB  simi- 
larly provided  with  a  pras-oral  ciliated  zone ;  and   larvse  of 

»  MoscleVj  "  On  the  Anatomy  and  Histology  of  tho  Laud  Planarians  of  Cey- 
lon."    ('*  Philosophical  Transactions,"  1873.) 

3 ''  Beitrage  zur  Anatomie  und  Entwickelungsgeschichte  einigor  See-Plana- 
rien,"  1868. 
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ttsBme  fuiKUmeDtal  type  abound  among  the  poljohietous 
'     " '    the  £ehinodennata,  and  the  Jaotttuca. 


Tk.  »i.—A.  joonK  Ttlrattemma  —aa,  centril  pmelU  of  the  nCTToni  sjitein ;  ».  cU- 
l*lad  tot—  t  a^erliini  It  n  drIi  wI  icti  the  probondf  la  protruded ;  d.  KnteHor 
poitkai  ot  praboaar  /  poile  i  r  miuculsr  pirt.ll«d  tolfis  psrieteimt/;  u,  In- 
batlne;  A,  wuu  ■pnruini  ^  nwi-TinKUi ;  t,  rbTtbrnlcally  contracllnv  TeiMls. 
(Alter  SdiBlK.)  J,  iDleriar  oitremltr  or  the  cTerted  pmboula  at  letnutanma, 
•ZhlbltlDg  tha  principal  and  the  reaerre  BlUela.    (Aner  Sctmlic.) 

The  lowest  f^octucha,  such  as  Microttomum,  have  no 
frontal  proboBcifi  (whence  they  are  termed  Arhynchia),  and 
they  differ  very  little  from  the  lowest  Rhabdocoela,  save  in  the 
^t  that  there  ia  an  anus,  and  that  the  sexes  are  distinct. 
But  all  the  other  I^octucha  (Rhynchoccela,  or  Nemerteana) 
are  provided  with  a  frontal  proboscis,  which  sometimes  oc- 
cupies the  greater  part  of  the  lenf^h  of  the  body  (Fig.  34). 
It  has  special  retractor  muscles,  and  its  internal  surface  is 
either  merely  papillose,  or  may  possess  a  peculiar  armature, 
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consisUMMg  of  a  skup  dutiDoiis  style  (Fig.  ^  ^).  There  is 
DO  boccftl  proboscttt  but  Uie  mouih  lemds  into  a  long,  strai^t 
intes:ix^^  vith  sboit,  lateral,  cscal  dilatations.' 

Tbe  IVo<tMeka  osoaUj  present  onlj  tlie  pseud-haemal  ves- 
sels^ tboogh,  as  has  been  mentioiied  above,  Scfaolze  found  water- 
Tesseb  coexisting  with  them  in  Teiratianma  {Fig.  34). 

The  nerroQS  system  of  the  IVodueka  is  like  that  of  the 
Aprocta  :  but,  in  oorrespoDdence  with  the  often  extreme  elon- 
gation of  the  body,  the  backwardly-prcdonged  cords  are  very 
stout.  Moreorer,  the  ganglia  are  united  by  an  additional 
commissure  over  the  proboscis^  whidi  thus  traverses  a  ner- 
vous ring.  In  some,  the  lateral  cords  approach  one  another 
on  the  ventral  aspect  of  the  body,  and  ganglionic  enlarge- 
ments appear  wbcxe  the  nerves  are  given  off,  thus  present- 
ing an  approximatioD  to  the  double  ganglionated  chain  of 
higher  forms. 

In  addition  to  eyes,  almost  all  the  Producha  possess  two 
ciliated  fossx,  one  on  each  side  of  the  head  (Fig.  34,  hb)^ 
which  receive  nerves  from  the  ganglia.  Occasionally  two 
otolithic  vesicles  are  attached  to  the  cerebral  ganglia. 

The  Proctucha  are  almost  always  dioecious.  The  simple 
reproductive  glands  are  lodged  in  the  intervals  between  the 
saccular  dilatations  of  the  intestine,  and  the  ova  and  sper- 
matozoa usually  make  their  way  out  by  the  dehiscence  of 
the  integument.  In  some,  however,  the  embryos  are  devel- 
oped in  the  ovarian  sacs,  or  in  the  cavity  of  the  body.  In 
most  of  the  ProctuchOj  the  egg,  after  passing  through  the 
morula  stage,  acquires  an  alimentary  cavity,  apparently  by 
delamination,  and  passes,  without  other  metamorphosis  than 
the  shedding  of  a  ciliated  outer  investment,  into  the  form  of 
the  adult. 

Prof.  A.  Agassiz*  has  described  a  free-swimming  larva, 
the  broad  anterior  end  of  the  body  of  which  is  surrounded 
by  a  zone  of  cilia,  immediately  behind  which  the  mouth  opens ; 
while  around  the  anal  aperture,  at  the  narrow  posterior  end, 
is  a  second  circlet  of  cilia.  This  larva  exactly  resembles 
those  forms  of  polychsetous  Annelidan  larvs  which  are  called 
Telotrocha,  As  in  these  Annelids,  the  region  of  the  body 
which  lies  between  the  two  ciliated  rings  elongates  and  be- 
comes segmented,  while  a  pair  of  eyes  and  two  short  tenta- 

1  For  the  oivanization  of  the  Bhjmchoocele  TurbeUariOy  or  Nemeiteans,  Bee 
Dr.  C.  McIntosn'B  elaborate  monograph  lately  published  by  the  Ray  Bocie^. 

*  **  On  the  Young  Stages  of  a  few  Annelids."  (Annals  of  the  Lyoemn  of 
New  York,  1864.) 
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dea  ara  developed  on  the  head  in  front  of  the  pi«-oraI  ciliated 
hud.  But,  as  development  advances,  the  segmentation  be- 
eomu  obliterated,  the  ciliated  bands  and  the  feelers  vanish, 
•ad  the  worm  assumes  the  ohftractera  of  a  Nemertean.' 


no.  S-VT. — PBtMym  frfratu  (alter  Lenekiit  and  Pa^natcchei). 

M.  Toong  PWdlitni  ■'  a,  kllmanUir  ci'ot  1  A>  radlmestof  tbe  NemcrtcMi. 

K.  fUUiumvUhm  more  ^naneiSSemtrtam. 

ST.  Mew^-frMd  Ksmertean. 

In  species  of  the  genua  lAneus,  the  ciliated  embryo  which 
leaves  the  egg  is  speedily  converted  into  a  body  like  a  helmet 
with  ear'lappets,  and  having  a  tuft  of  cilia  in  place  of  a  plume 

>  ItUTer7pmbiible,  however,  that  thii  larva  belonsi  In  the  saniu  Ihlygor- 
tfttu,  which  appfisn  to  be  an  BiuiuctDnt  foTin  bctiroan  tue  Ttirbdiaria  and  other 
fTOQpa.  Boa  Sohneider,  "Uebur  Bau  und  Entwickeluog  von  PolygordiuB." 
("  An^v  tax  Aiutomio  und  Fhjaiologie,"  1S68.) 
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(Fi^.  35).  The  lappets  are  fringed  with  long  ciUa,  and  be- 
tween them,  where  the  head  would  fit  into  a  helmet,  is  the 
aperture  of  a  mouth,  which  leads  into  a  oaecal  pouch-like  ali- 
uientarr  caritT.  This  larva  was  named  by  Muller,  who  dis- 
covered it,  Piiidium  ffyrana.  On  each  side  of  the  ventral 
face  of  the  PUidium^  two  involutions  of  the  integument  take 
placo.  Aggr^^tions  of  cells  in  relation  with  these,  and 
prv>bablj  forming  part  of  the  mesoblast,  appear,  eventually  in- 
close the  alimentary  canal  of  the  PUidium^  and  give  rise  to 
an  elongated  vermiform  body,  in  which  the  characteristic  feat- 
ures of  a  Nemertean  soon  become  discernible  (Fig.  36).  The 
worm  thus  devdoped  becomes  detached  (Fig.  37)  and  falls  to 
the  bottom,  carrying  with  it  the  alimentary  canal  of  the  /Y- 
UdiutHy  and  leaving  the  ciliated  iutegument  to  perish. 

In  this  remarkable  process  of  development  the  formation 

of  the  Nemertean  body  may  be  compared,  on  the  one  hand, 

to  that  of  the  segmented  mesoblast  in  Annelida  and  Arthro- 

Vfxiit^  and,  on  the  other,  to  that  of  an  Elchinoderm  (especially 

lichiHus)y  within  its  larva. 

TuK  RonroLSL — ^The  **  wheel-animalcules,"  as  they  were 
toniKHl  bv  the  okier  obsenrers,  on  account  of  the  appearance 
of  n.>tation  ^voduced,  as  in  many  Annelid  larvae,  by  tne  work- 
ing of  the  vibratile  cilia  with  which  the  oral  end  of  the  body 
i*  provided^  were  formerlr  included  among  the  Tnfusoria, 
Howev\*r^  they  are  tnie  JtH^noay  as  their  vitellus  undergoes 
divi^ou  into  blastomennss  and  the  tissues  of  the  body  are  pro- 
xlukwl  by  the  metamorpbo«s  of  the  cells  into  which  the  blas- 
lv>ttH*reii  art^  i»nv\^eil  Tber  are  free  or  adherent,  but  never 
aNsfcv^tutely  tixevl  animals,  and  they  do  not  multiply  by  gem- 
mAtivHi  or  fission.  The  oral  emiof  the  body  is  usually  broader 
I h^u  the  opposite  extremity,  and  nreoents  the  form  of  a  disk, 
)k\'iueiimes  produced  into  tentade-hke  prolongations  (Fig.  39). 
'Vh%>  tniges  of  this  trochaldUk  are  fringed  with  long  cilia,  but 
I  ho  giMioral  surface  of  the  body,  instead  of  being  ciliated, 
an  in  the  TurbeUarifiy  is  formed  by  a  dense,  generally  chiti- 
nous,  outicular  layer,  which  is  sometimes  converted  into  a  kind 
\\i  shell  and  variously  sculptured.  Transverse  constrictions, 
wliioh  are  slight  in  the  anterior  part  of  the  body,  but  may 
bt^oome  more  marked  toward  its  posterior  end,  give  rise  to  an 
imjwrfect  segmentation.  The  segments  do  not  appear  to  ex- 
ceed six,  and  the  divisions  are  less  marked  in  the  tubicolous 
than  in  the  free  Botifera.  The  mouth  is  a  funnel-shaped 
cavity,  situated  in  the  middle,  or  on  one  side,  of  the  trochal 


^ 
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dUc  The  walls  of  this  cavity  are  abundantly  ciliated,  and 
at  the  bottom  is  a  muscular  pharynx,  or  mastCKCj  provided 
vith  a  peculiar  armature.  Sometimes,  as  in  StephanoceroSy  a 
large  crop-like  cavity  lies  between  the  mouth  and  the  mastaz, 
iod  the  aperture  of  communication  between  this  crop  and 
the  mouth  is  guarded  by  a  valve  formed  by  two  broad  mem- 
Imnous  folds  which  project  into  the  cavity  of  the  crop.  The 
armature  of  the  mastaz  generally  consists  of  four  pieces — two 
lateral,  the  mallei^  and  two  central,  constituting  the  incus. 
Hie  contraction  of  the  muscular  masses,  to  which  the  mallei 
are  attached,  causes  the  free  ends  of  the  latter  to  work  back- 
ward and  forward  upon  the  incus,  and  crush  the  prey  which 
is  taken  into  the  mouth.' 

A  short  oesophagus,  provided  with  cilia  or  vibratile  mem- 
branes, leads  into  a  digestive  cavity  bounded  by  the  endo- 
denn.  The  anterior  or  gastric  part  of  this  cavity  is  usually 
dilated,  and  gives  off  a  large  caecum  on  each  side.  The  pos- 
terior, narrower,  intestinal  part  usually  opens  externally  by  a 
cloacal  chamber ;  but,  in  some  Rotifers  (e.  g.,  J^otonwiata), 
the  alimentary  cavity  is  a  blind  sac,  devoid  of  intestine  or 
anus  ;  and  in  the  males,  so  far  as  they  are  known,  the  whole 
alimentary  canal  is  aborted  and  represented  by  a  solid  cord. 

A  spacious  perivisceral  cavity  occupies  the  interval  be- 
tween the  walls  of  the  alimentary  canal  and  the  parictcs  of 
the  body.  The  latter  contains  circular  and  longitudinal  mus- 
cular fibres,  which  may  be  smooth  or  striated. 

Opening  into  the  cloaca  there  is  usually  a  large  thin-walled 
Fesicle  with  rhythmically  contractile  walls  ;  and,  in  connection 
with  this,  are  two  delicate  water-vessels,  which  pass  forward, 
often  giving  off  short  lateral  branches,  and  eventually  break 
up  into  numerous  ramifications  in  the  trochal  disk.  The 
branches  are  open  at  the  ends,  whereby  the  cavities  of  the 
water-vessels  are  in  communication  with  the  perivisceral  cav- 
ity on  the  one  side,  and  with  the  surrounding  water  on  the 
other.  Here  and  there,  in  the  course  of  the  main  tnmks  and 
at  the  ends  of  the  branches,  long,  cilia,  which,  by  their  con- 
stant undulation,  give  rise  to  a  flickering  motion,  are  situated. 
The  nervous  system  is  represented  by  a  relatively  large 
single  ganglion  placed  on  one  side  of  the  body,  near  the  tro- 
chal disk.  One  or  more  eye-spots  are  sometimes  seated  on 
the  ganglion,  and  there  are  other  organs  which  appear  to  be 

«  See,  for  the  various  forms  of  this  appftratiis,  Gosso,  "  On  the  Structure. 
Functions,  and  Homoloflrues  of  the  Manducating  Apparatus  in  the  BotiferaJ'^ 
(Philosophical  TransacUons,  1855.) 
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seosory.     Such  are  the  ciliated  pit  and  the  spur-like  { 
[ealcar)  or  prijcpsses,  provided  at  the  end  with  a  tuft  a 
which  occur  in  many  Rotifers,  and  arc  more  or  iesa  « 
oonaeeted  with  tbu  ganglion.     In  some  there  is  a  i 
with  calcareous  mailer  (otucyst?)  attached  to  the  gaa] 


Fia.  X.—Ill/<laiiaa  imta  liftar  Cohri).— J.  fvmitio:  a.  anm  ;  b, 
(,wmler-«e»el»;  «.  orarj;  /  aiiiiKllon.  A  mile  ;  a,  i>ail«;  i, 
c,  leitis  ;/,  |t>DG'it>D;  S,  Hitlgiirnui  plL 

The  ovarium  and  the  testis  are  simple  glands  which  open 
into  the  oloac^a,  and  are  always  placed  in  distinct  individuala. 
All  the  mates  at  present  known  differ  from  the  females  in  be- 
ing much  smaller,  and  in  their  digestive  canal  being  arrested 
in  its  development.  The  mates  copulate  with  the  females, 
and  the  eggs  are  sometimes  attached  to,  and  carried  about  by, 
the  latter — e.g.,  BracMoniig. 

In  some  Rotifers,  the  eggs  are  distinguishable,  as  in  cer- 
tain Turbettaria,  into  iummer  and  winter  ova.  The  latter 
are  inclosed  in  a  peeuliar  shell.  In  Laeinularia,  it  appeared 
to  me  that  the  winter  ova  were  segregated  portions  of  the 
ovarium,  and  that  they  were  probably  developed  without  im- 
pregnation.    Cobn,  on  the  oontrary,  has  given  reasoDS  forbfr 
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lieving  that  the  Bumitier  ova  are  ocoaBionall^,  if  not  always, 
developed  without  feoutidation,  and  that  it  is  the  winter  ova 
which  are  fecundated. 

The  egg'  undergoes  complete  y elk-division,  and  the  em- 
bryo  graduallr  passes  into  the  adult  form.  The  blastomeres 
ate  soon  of  unequal  sizes,  and  the  smaller,  as  au  epiblast,  io- 
Tcat  the  larger,  which  form  the  hypoblast. 

SalensUya  '  recent  observations  on  Srachionus  urceolaris 
show  that  a  depression  arises  on  one  face  of  the  epiblast  and 
that  the  antero-lateral  parts  of  this  depression  are  converted 
into  the  trochal  disk,  while  il-s  median  posterior  part  grows 
out  into  the  "foot;  "  and  he  points  out  the  resemblance  of 
the  embryo  in  its  early  stages  to  that  of  some  Gasteropods. 

An  involution  of  the  epiblast  at  the  bottom  of  the  depres- 
sion gives  rise  not  only  to  the  oral  chamber,  but  also  to  iha 
wastjix;  eventually  communicating  with  the  gastro-inteatinal 
division,  which  is  developed  out  of  the  hypoblast.  The  gan- 
glion is  a  product  of  the  epiblast. 

Some  of  the  modifications  of  the  general  stnioture  thus 
described,  which  occur  in  the  difiorent  groups  of  the  Jiott/'c 
fa,  Kre  of  considerable  interest. 

Thus,  la  the  tubicolous  forms,  the  body  is  elongated  and 
terminated  posteriorly  by  a  discoldal  surface  of  adhesion. 
The  animals  (of  which  a  number  are  often  associated  together), 
ftxed  by  this  disk,  inclose  themselves  in  cases,  the  foundation 
of  which  is  a  gelatinoiia  secretion.  The  Intestine  is  bent 
upon  itself  {Laeinularia,  Fig.  39,  II.),  and  opens  upon  the 
ace  of  the  body  opposite  to  that  upon  which  the  ganglion  la 
placed.  The  peduncle  of  attachment  is  therefore  a  process  of 
*"'  ft  neural  face  of  the  body.  In  these  Jtotlfera  the  trochal 
ik  is  sometimes  produced  into  long  ciliated  teotaoula, 
irtii«A  surround  the  mouth  symmetrically  {Stephanoeerot, 
Tig.  89,  v.),  or  its  edges  may  be  provided  with  two  circlets  of 
,  one  in  front  of,  and  the  other  behind,  the  oral  aperture  ; 
id  it  may  be  bilobed  or  horseshoe -shaped,  as  in  Mdioerta, 
id  Lannularia  '  (Fig.  30,  I.,  II.). 

In  the  free  Rotifers,  the  body  may  be  rounded,  sac-like, 
ul  devoid  of  appendages,  as  in  the  genus  Asplanckna,  which 
18  neither  anus  nor  intestine.  In  Albertia  and  Jjintlia,  on 
le  other  hand,  the  body  is  elongated  and  vermiform.  Most 
■  tbe  fiwo  JioH/era  (Fig.  38)  are  provided  with  a  segmented 

>f  the  Uiunwdpiol  Sooietf , 
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and  sometimes  teloscopicalljr -join tod  "  foot,"  usually  termt- 
twtod  by  two  styles,  which  can  be  approximated  or  diT&ri- 


e»ted  like  piaoers,  and  serve  to  anfhor  the  body.  This  foot 
is  ■  in«<liiin  iiroccss  of  that  face  of  the  body  which  is  opposite 
tit  that  tin  nrhich  the  ganglion  is  placed,  so  that  it  is  not  the 
hnRMiloffuc  (if  the  peduncle  of  the  tubicolous  forms. 

M^ytrrfAra  Aud  JVtarthra  possess  long-,  symmetTically  ar- 
rang<Hl,  inoTably  articalated  setm  ;  and  Ptdalion  has  laedian 
app^udagr^s  proceeding  from  both  the  neural  and  the  opposite 
far<4  of  the  body,  as  well  as  lateral  appendages. 

In  must  of  the  free  Rotifers  the  trocbal  disk  is  large  ;  it 
may  be  bilobed  or  folded  upon  itself  (Fig.  39,  III.),  or  its  sur- 
fuM  iway  pive  rise  to  ciliated  processes  (Fig.  39,  IV.).  In 
A^<nia  and  Noiommata  tardigrada,  however,  the  trochal 
disk  is  reduced  to  a  small  ciliated  lip  around  the  oral  apei 
Vat*',  and  there  is  no  trochal  disk  in  Apsilua,  Ltndta,  Ta- 
pAnffawM,  and  Jiaiatro,  Some  few  Rotifers  are  parasitic 
Thus  .4/wffiii  is  an  entoparaaite,  and  Jiaiatro  an  eetopara 
ait(\  upiMi  (iltguchietoua  Annelids. 

TmU'r  th«  uanio  of  Oatterotricha,  MetschniVoff  and  Cla- 
}->ari'do  '  inelude  the  curious  aquatic  genera  Cfitetonotus,  Jc/t- 
Myi^'W't,  CAiVtura,  Ctphatidiftm,  Daaydilis,  Turbatielia,  and 
Hvmitia»ifa,  the  lost  of  vhich  alone  is  marine.  These  animals 
have  been  united  with  the  iitrf^^irra,  bnt  they  differ  from  them 
in  the  absence  of  a  innstas  and  in  the  disposition  of  the  otlia, 
which  are  restricted  to  the  ventral  surface  of  the  body.     It 

1  CUpBi^4e  and  HeWahnlkoir.  "Boltrdge  lai  KcnutniM  der  EtttwiukiJiiiiB*- 

geioliiohle  dor  Cb»Blo]">Jcn,"  16*8. 
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appears  probable  that  they  form  an  annectent  group  between 
ibe  Soiifera  and  the  Turbellaria^  which  last  approach  the  JRo- 
Hfera  hy  such  forms  as  Dinophilus, 

The  free  Rotifers  present  marked  resemblances  to  the 
telotroohous  larvss  of  Annelids.  The  young  Ldcinulariay  for 
example,  has  a  circular  prae-oral  disk  provided  with  two  eye- 
spots  and  a  second  circle  of  cilia  behmd  the  mouth,  and  is 
wonderfolly  like  an  Annelid  larva  (Fig.  39, 1.).  The  append- 
ages of  7}r%arikra  and  Polyarthra  may  be  compared  to  the 
lateral  bundles  of  long  set®  of  the  larvse  of  Spio  and  NisrinCj 
and  the  pharyngeal  armature  is  essentially  Annelidan.  On 
the  other  hand,  in  the  sessile  tubicolous  Motifera^  the  trocbal 
disk  assumes  the  characters  of  the  lophophore  in  the  Polyzoa^ 
and  of  the  tentacular  circlet  of  the  Gephyrean  Fhoronis. 
Many  years  ago  I  drew  attention  to  the  points  of  resem- 
blance between  the  Rotifera  and  the  larvse  of  Echinoderms 
(**  On  Lacintdaria  90cicUis^^  L  c).  Of  any  such  close  and 
direct  relations  with  the  Cruatacea^  I  see  no  evidence  ;  but 
PeddHon^^  with  its  jointed  setose  appendages  and  curious 
likeness  to  some  Nauplius  conditions  of  the  lower  Crustacea^ 
suggests  that  connecting  links  in  this  direction  may  be  found.' 
In  fact,  the  JRotiferaj  as  low  Metazoa  with  nascent  segmenta- 
tion, naturally  present  resemblances  to  all  those  groups  which, 
in  their  simpler  forms,  converge  toward  the  lower  Metazoa. 

The  Tbematoda. — ^These  are  all  parasitic,  either  upon  the 
exterior  (ectoparasites^  or  in  the  internal  organs  (endopara- 
sites)  of  other  animals.  Many  are  microscopic,  and  none 
attain  a  length  of  more  than  an  inch  or  two.  Most  have  a 
broad  and  flattened  form,  one  face  being  ventral  and  the 
other  dorsal,  and  the  body  is  never  segmented. 

In  the  adult,  the  ectoderm  is  not  ciliated,  but  its  outer- 
most layer  is  a  chitinous  cuticulu.  In  most  TVematoda,  one 
or  more  suckers  are  developed  upon  the  ventral  surface  of  the 
body,  behind  the  mouth.  These  are  sometimes  armed  with 
chitinous  spines  or  hooks ;  and  setse  of  the  same  character 

• 

» Hudson,  "  On  a  New  Rotifer."  (Monthly  Mierotieopical  Journal,  1871.) 
s  The  sinijplar  marine  genus  Ech%nod«re$  (Di^ardin)  is  perhaps  Buoh  a  link. 
Those  are  nunute  worm-like  animals,  with  a  rounded  head,  followed  by  a  num- 
ber (ten  or  eleven)  of  distinct  se^ents,  the  last  of  which  is  bifurcated.  There 
are  no  limbs,  but  ttie  head  is  provided  with  recurved  hooks,  and  the  body  seg- 
ments with  paired  setse.  The  nervous  system  appears  to  bo  represented  by  a 
single  ffanfflion,  which  lies  in  the  head  and  presents  eye-spots.  The  develop- 
ment or  iSVrA»iKHi0rM  is  unknown.  (5<w  Groef,  "  Archiv  ftir  Naturgeschichte," 
1869.)  ' 
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may  be  developed  in  other  parts  of  tho  body,  especially  m  t^o 
region  of  the  head. 

The  mouth  is  usually  terminal,  but  is  sometimea  ventnl 
aod  sub-central;  it  is  ordinarily  placed  ia  the  centre  of  a 
muscular  Bucker,  rarely  proboscidifonn.  The  alimentary  canal 
is  never  provided  with  an  anus.  Sometimes  a  simple  sac,  it 
is  often  bifurcated,  and  occasionally  branched,  like  that  of  the 
dondrocoele  TurbeUaria.  Sometimes  {Amphilina,  Amphipty- 
cJiis)  the  alimentary  canal  is  absent;  and,  according  to  Van 
Beneden,  it  becomes  aborted  in  the  aA\Al  Diatoma  JUieoUe. 
The  interval  between  the  endoderra  and  the  ectoderm  is  oc- 
cupied by  a  cellular  or  reticulated  mesoderm,  in  which  abun- 
dant muscular  hbrcs  are  developed.  The  peripheral  muscular 
fibres  form  an  external  circular  and  an  internal  longitudinal 
layer. 

The  water- vascular  system  is  well  developed,  and  may 
coneiat  of — (1)  a  contractile  sai:,  which  opens  externally  and 
communicates  with  (3)  longitudinal  vessels  with  contractile 
non-oiliated  walls,  from  which  proceed  (3)  non-confractile  and 
ciliated  branches  which  ramify  through  the  body,  and  the 
ultimate  ramifications  of  which  probably  end  by  open  mouths, 
us  in  the  Rotifera. 

There  is  no  pseud-haemal  system.  The  nervous  system  has 
not  been  discovered  in  all  ;  but,  when  it  exists,  it  has  the 
same  arrangement  as  in  the  aproctons  TurbeUaria.  Eye- 
spots  have  been  observed,  but  no  other  sense-organs.  With 
rare  exceptions,  the  Tretnatoda  are  hermaphrodite,  and  the 
reproductive  organs  are  oonstruoted  upon  the  same  type  as 
in  the  rhabdocoele  TurbeUaria,  a  large  vitellarium  being  al- 
ways present.  The  accessory  vitellua  is  included,  in  the 
form  of  numerous  pellets,  along  with  the  primitive  ovum,  and 
is  B.\)&QTheA  pari  passu  with  the  development  of  the  embryo. 

Agpidogaster  conckiaola  (Fig.  40)  inhabits  the  pericardial 
cavity  of  the  fresh-water  muscle  ;  it  is  a  very  convenient  sub- 
ject for  examination  on  account  of  ils  small  size,  and  the  ease 
with  which  it  can  be  rendered  sufficiently  transparent  for  the 
diapl.iy  of  the  arrangement  of  its  internal  organs,  by.  the 
judicious  use  of  the  compressor! um.  The  flat  oval  body, 
rounded  {Kisteriorly,  is  produced  in  front  into  a  truncated 
cone,  on  the  face  of  which  tho  mouth  opens.  The  ventral 
sucker  is  very  large,  and  its  surface  is  subdivided  into  rectan- 
gular areas.  There  is  no  perivisceral  cavity,  its  place  being 
occupied  by  a  mass  of  spongy  cellular  tissue.  Theoral  cavity 
leads  into  au  oval,  tliick-wjilled,  muscular  pharyngeal  bulb, 


ABPIDOOASTER  CONCEICOLA. 


173 


whence  an  elongated  pjriform  sao,  vhich  constitutes  the  rest 
ti  the  aliinentw7  oanal,  is  continued.  Tliis  occupies  a  great 
put  of  the  body,  and  extends  nearly  to  its  posterior  end ;  but 
there  is  no  anus.  A  contractile  vacuole  placed  at  the  hinder 
eitremity  of  the  body  opens  outward  by  a  small  pore  (Fig. 
41,  a),  and  gives  off  two  lateral  contractile  non-ciliated  canals 
(ft),  which  pass  to  the  anterior  end  of  the  ventral  sucker  and 
iitere  end  blindly ;  but  before  reaching  this  termination  each 
gires  off  a  non-contractile  ciliated  vessel  (Fig.  41,  c),  which, 
OD  arriving  at  the  pharynx,  turns  backward  and  ramifies 
through  the  body.  The  alia  diminish  toward  the  extremi- 
tiea  of  these  vessels,  the  terminations  of  the  corresponding 
oaoals  in  the  Jiotifira  being,  on  the  contrary,  richly  ciliated. 
No  nerves  have  as  yet  been  found  in  Aspidogaster. 


■».«-...,«-*-«-  ™»™.™..-j.,....™ — ntof  the  •J'"™"'?."!.'!?!?'.'';- 

t)>«  orgaoa  ;  proBJe  of  the  mlmtl  in  onUloe  :  a,  month ;  6,  ""'«°'«f,£"S''f  ■  ,'i 
0,  ntellsrtDm  ;  *,  om  of  III  dacW  ;  l,*.OTldBcti  I,  nlerosi  Bi,lMtU;o,  ™b1d«: 
a  psnli,  ooiiUiintnia  po^toriorlj  with  tin  eitemil  tu  defereni ;  fl.  one  oT  Ihi 
litem  MnWctUe  Teiseli ;  C,  runlOeiUOTn  of  the  clUated  Tcuela. 

As  in  moat  Trematoda,  the  genitalia  (Figs.  40  and  42) 
form  a  large  part  of  the  viaoera,  and  the  structure  of  the  com- 
plex hermaphrodite  apparatus  is  in  some  respects  so  peculiar 
that  it  is  needful  to  describe  it  in  detail.  It  consists  of — 
1.  The  germarium.  2.  The  vitellarium.  3.  The  oviduct. 
4.  The  uterus  and  vagina.  5.  The  common  vestibule.  8,  The 
testis.  7.  The  vasa  deferentia,  internal  and  external.  8.  The 
penis  and  its  sac.    ITie  ovary  (d)  is  the  anterior  of  two  round- 
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ed  masses  liriiig  in  the  suclcer.  At  first  sight  it  appears  to  be 
oval,  but  it  is,  in  fact,  pyrifonn,  the  larger  end  being  aDterior, 
while  the  posterior  narrower  extremity  is  bent  btuScward  be- 


cm>i«il 


ncath  the  anterior  end.  Before  it  reaches  the  anterior  es- 
tremitj  of  the  mass,  however,  it  is  bent  sharply  back  again, 
parallel  with  itself,  and  so  passes  into  the  oviduct  (Fig.  40,  i). 
The  ovary  is  surrounded  by  a  delicate,  but  strong ooat,  inclos- 
ing a  mass  of  transparent  protoplasm.  At  the  anterior  end 
of  tlic  ovary  minute  granules  are  scattered  through  this  sub- 
stance, and  arc  occasionally  surrounded  by  a  faint,  clear  area 
(Fig.  43,  A  1).  These  are  the  rudimentary  germinal  Bpots 
and  vesicles  of  the  future  ova,  the  course  of  whose  develop- 
ment may  bo  readily  traced  by  working  from  the  anterior  to 
the  posterior  extremity  of  the  ovary.  Tbe  germinal  spots 
become  larger,  and  gradually  assume  the  appearance  of  vesic- 
ular nuclei ;  while  the  clear  area  around  them  in  like  manner 
becomes  larger,  and  acquires  more  and  more  the  appearance 
of  a  cavity.  Wbile  this  cavity  is  small,  it  has  no  distinct 
wall,  but,  SB  it  enlarges,  the  contour  of  tho  wall  becomes  dis- 
tinctly marked  (Fig.  43,  A  9,  3,  4).  On  examining  the  ovary 
close  to  the  commencement  of  the  oviduct,  a  division  of  the 
homogeneous  protoplasmio  basis  or  matrix  of  the  ovary  into 
areas  surrounding  each  germinal  vesicle  becomes  obvious.  On 
the  application  of  pressure,  the  matrix  breaks  up  into  maSBes 
corresponding  with  these  areas  in  sijie,  which  are  very  flexible, 
but  when  left  to  themselves  assume  a  rounded  or  oval  form, 
and  have  all  the  appearance  of  perfect  ova,  except  that  they 
possess  no  vitelline  membrane,  and  that  the  yelk,  instead  of 
being  granular,  is   clear,  and   comparatively  small. 
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primary  otfo,  m  tbey  mar  be  termed,  become  detacbed,  and 
pus  into  tfae  oviduct  Here  they  are  fecundated,  and,  be- 
oomiog  sniroaaded  by  a  g^at  mass  of  accessory  yelk,  and  a 
tbell,  gradually  acquire  the  appearance  of  the  complete  ova. 
"nie  accessory  yelk  is  the  product  of  the  vitellarium — a 
large  double  gland  consisting  of  a  number  of  oval,  pyriform, 
or  irregular  graaalar  masses  placed  on  each  side,  at  the  junc- 
tion of  the  sucker  with  the  body  (Fig.  40,  g). 

These  masses  appear  to  be  quite  independent  of  one  an- 
other; nor  do  they  at  first  present  any  obvious  oommunicatioQ 
with  the  genitalia ;  but  if  the  oviduct,  just  after  it  becomes 
free  from  the  ovarium,  be  examined,  it  will  be  found  to  re- 
ceive a  short  duct  (Fig.  42,^),  filled  with  strongly  retracting 
sranulea  of  the  same  nature  as  those  in  the  viteUarium.  This 
divt  ia  enlarged  posteriorly,  and  then  divides  into  two  ducts 
filled  with  the  same  matter,  which  take  a  direction  toward  tbe 
Titellarium,  but  can  be  traced  no  further  than  they  contain 
granules  (Fig.  42).  By  the  careful  application  of  pressure, 
bowerer,  the  granules  may  be  forced  from  the  vitellarium, 
through  an  anterior  and  posterior  branch  upon  each  side,  into 
tfaese  ducts. 


Pie.  41.— .^^lUivatfar  soneUMfii.— SsprodoctlTc  ornna  on  ■  larnr  lulc.    LctMra 
■ifB  Fig.  40.    Tba  oolsmeDMiiiant  or  tbaexMnulTU  deFiirenila  at«D  bahlndtho 


The  oviduct  (Fig.  43,  i)  is  lichly  ciliated  internally;  it  is 
at  first  applied  to  the  under  surface  of  the  ovarium,  and  when 
it  becomes  free  it  receives  a  canal  (e),  which  may  be  traced 
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back  to  the  testis,  and  which  would  appear  to  correspond 
with  the  internal  vas  deferens  of  other  iVematoda  described 
hy  Von  Siebold.^  This  canal,  however,  presents  no  dilatation, 
or  internal  vesicula  seminalis.  The  oviduct  next  receives  the 
duct  of  the  vitellarium,  and  then  becoming  much  convoluted 
(A:),  and  rapidly  widening,  passes  into  the  uterus  (Q,  a  wide 
tube,  which  runs  forward,  disposed  in  many  undulating  curves 
(Fig.  40,  /),  to  terminate  on  the  left  side  of  the  anterior  part 
of  the  body,  close  to  the  male  organs.  Posteriorly,  the  waUs 
of  the  uterus  are  thin  ;  but  in  its  anterior,  or  vaginal,  part 
they  become  thick  and  muscular.  The  genital  vestibule  into 
which  the  vagina  opens  is  very  small. 

The  testis  (m)  is  an  oval  body  of  the  same  size  as  the 
ovarium,  and  situated  just  behind  it.  Minute  water-vessels 
ramify  upon  it,  as  upon  the  ovarium ;  and  it  contains  a  gran- 
ular and  cellular  mass,  but  no  spermatozoa.  The  external 
vas  deferens  (Figs.  40  and  42)  is  a  delicate  duct,  which 
passes  forward  and  comes  into  contact  with  the  ovarium, 
without,  however,  so  far  as  I  could  observe,  communicating 
with  it  or  with  the  oviduct ;  it  then  bends  backward  and  up- 
ward, passing  between  the  anterior  vitellarian  masses  into 
the  fore  part  of  the  body.  Here  it  suddenly  becomes  about 
twice  as  wide  as  before,  and  runs  forward,  as  an  undulating 
thick  tube,  to  the  penis  (Fig.  40,  jt>),  a  short  and  conical  body, 
occupying  the  bottom  of  a  large  pyriform  sac,  which  opens 
in  common  with  the  uterus.     The  spermatozoa  are  linear. 

The  development  of  the  ova  presents  many  very  interest- 
ing peculiarities  (Fig.  43).  Above  the  junction  of  the  duct 
of  the  vitellarium  with  the  oviduct  the  contents  of  the  latter 
were  pale  and  clear,  and  presented  no  formed  particles  beside 
the  primary  ova  which  had  just  been  detached  from  the  ova- 
rium (Fig.  43,  C).  Below  the  insertion  of  the  vitellarian 
duct,  however,  the  oviduct  was  full  of  granules  like  those  in 
the  vitellarium,  mixed  up  with  ova  in  a  more  advanced  state.. 
In  the  smallest  of  these  (Fig.  43,  2>),  the  shell  of  the  ovum 
had  commenced,  but  was  incomplete  at  one  end.  At  the  op- 
posite extremity,  it  inclosed  a  mass  of  irregularly  aggregated 
vitelline  granules,  which  covered  almost  one-half  of  a  round 
pale  mass,  not  larger  than  one  of  the  primary  ova ;  in  which, 
however,  three  nuclei  (two  of  which  were  very  close  together, 

1  The  connection  of  this  duct  with  the  testis  in  the  Trematoda  has  recently 
been  denied  by  Stleda  ("  MQllex's  Arohiv,"  1871).  I  had  no  doubt  of  its  exist- 
ence in  AapidogasUr^  bat  I  have  had  no  opportunity  of  reexamining  this  ani- 
mal ainoe  the  publication  of  Stieda'a  paper. 
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M  if  they  had  just  divided)  were  to  be  distinguished.  In 
more  advanced  ova  the  shell  was  complete,  but  either  color- 
less or  of  a  very  pale-brown  hue.  In  some  of  these  the  pri- 
maiy  ova  contained  many  nuclei  and  were  imbedded  in  and 
aniTOunded  bj  a  confused  mass  of  accessory  yelk-granoles  ; 
while  in  others  these  granules  were  aggregated  into  a  num- 
ber of  regular  spheroidal  masses  (Fig.  43,  S). 

As  development  proceeds,  the  accessory  yelk-masses  grad- 
ually disappear ;  the  primitive  ovum,  now  become  the  homo- 
loffue  of  the  blastodermic  disk  or  vesicle  in  other  animals,  to 
all  appearance  increasing  at  their  expense.  At  the  same 
time,  <uear  rounded  vacuoles  in  various  numbers  appear  in  its 
substance  ;  but  the  nuclei  of  the  germ,  though  very  minute, 
oaoi  with  proper  care,  be  readily  detected  between  these.  In 
the  final  stages  the  shell  becomes  browner,  the  vacuoles  and 
granules  disappear,  and  the  substance  of  the  embryo  appears 
homogeneous.  But,  if  carefully  examined,  the  minute  nuclei 
become  visible,  especially  if  water  be  allowed  to  act  on  the 


# 


FiQ.iB.-'AmidoqasUr  eonehifiola.—A,  section  of  the  oTiry:  1,  its  anterior  end:  «, 
germinal  §001  snrroanded  by  a  distinct  wall ;  8.  4,  a  complete  eermlnal  vesicle 
and  spot :  (7,  a  primary  oYum  ;  />,  yonnfl:  stote  of  a  complete  ornm  ;  the  primary 
ovum  partially  snrroanded  by  yolk-ffranules  and  a  shell ;  B,  complete  ovum,  with 
the  aocetaory  yelk  ag){regatod  into  spheroids ;  E,  Tacaolated  embryonic  mass ;  F, 


tissue,  and,  if  the  shell  be  burst,  and  its  contents  poured  out, 
they  readily  break  up  into  small  but  well-marked  cells,  each 
with  its  nucleus.  At  the  same  time,  the  embryo  takes  on  a 
form  not  very  distantly  resembling  that  possessed  by  the 
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adult;  into  which  it  eventuaUj  passes  without  any  metamor- 
phosis.' 

Thus  it  appears  that,  in  Atpidogaster,  the  oyarium  gives 
rise  to  primary  ova,  which  pass  down  the  oviduct  and  become 
fecundated,  either  by  the  spermatozoa  conveyed  by  the  inter- 
nal vas  deferens,  or  by  those  received  by  the  vagina  when 
copulation  with  another  individual,  or,  possiblv,  self-impreg- 
nation, occurs  ;  that,  next,  the  essential  part  of  the  process  of 
*^  yelk-division  ^  takes  place,  the  germinal  spot  dividing  and 
subdividing,  and  the  primary  ovum  becoming  in  this  way  con- 
verted into  the  spheroidil  blastoderm;  that,  contemporane- 
ously, the  blastoderm  becomes  invested  by  the  accessory  yelk- 
granules  poured  in  by  the  vitellarian  duct,  and  by  a  shell ; 
that  the  accessory  yelk  arranges  itself  into  spheroidal  masses, 
which  probably  supply  the  blastoderm  with  the  means  of  its 
constant  enlargement ;  and  that,  finally,  the  accessory  yelk 
disappears,  and  the  blastoderm  becomes  converted  into  the 
embryo. 

The  modifications  exhibited  by  other  Drematoda  concern 
the  number  of  the  suckers,  of  which  there  are  usually  several 
in  the  ectoparasites,  but  not  more  than  one  in  the  endopara- 
sites  ;  their  support  on  a  chitinous  f  ramewoik,  or  the  addition 
to  them  of  spines  or  booklets,  similar  to  those  of  Cestoidea 
or  Acanthocephala :  the  bifurcation  of  the  intestinal  canal, 
and  the  ramification  of  its  branches,  so  that  the  forms  of  the 
alimentary  apparatus  repeat  the  two  extremes  observed  in 
the  aproctous  TurbeUaria ;  the  existence  of  two  nervous 
ganglia  with  a  single  transverse  commissure  in  many  ;  and 
the  occasional  presence  of  sensory  organs  (eye-spots).  The 
non-contractile  canals  of  some  genera  are  destitute  of  cilia, 
except  at  their  inner  terminations. 

The  variations  of  the  reproductive  organs  are  rather  of 
position  than  of  structure.  Dioecious  Trematodes  are  very 
rare,  the  most  important  being  the  formidable  BUharzicLf  the 
male  of  which  is  the  larger  and  retains  the  female  in  a  gyncBr 
cophore^  or  canal,  which  is  formed  by  the  infolding  of  the 
margins  of  the  concave  side  of  the  body.  Bilhama  has 
neither  intromittent  organ  nor  seminal  pouch,  and  the  history 
of  its  development  has  not  been  traced  beyond  the  escape  of 

J  The  substance  of  thU  oocount  of  the  struciare  and  development  ciAgpido- 
iruUr,  with  the  iUustrative  figures,  was  published  in  1856  in  71*  Hiiiedl 
Jtnut  and  OmUs  M.  E.  Van  Beneden  has  recentiy  thrown  mndli  light  on  the 
mMe  in  which  the  ova  of  the  TWmolmia  aie  fonned  and  developed,  in  his 

Kecherchea  ror  la  Composition  et  la  Signification  de  VCKnt'* 
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a  ciliated  embryo  from  the  ovum.  This  parasite  is  found  in 
the  Uood-yessels  of  man,  chiefly  in  those  of  the  urinary  or- 
gans, the  oya  escaping  from  the  body  through  the  ulcerated 
sui&ces  to  which  the  parent  gives  rise.     In  the  ectoparasites, 


ho.  44.— il.  B,  MdnoBtcmum  mutabile.^A,  the  ciliated  embryo  (a)  inclotfng  the 
co6id,  (ft.)  repretented  firee  in  S  (after  Siebold) :  O^  Bedia,  or  king^s  yellow  worm 
or  DUioma  paOMaim^  contiiiDiiie  flrerms  of  other  JUdiat ;  2>,  Se^Oa  coDtaininff 
Cmorim  (a);  R,  Oerearia;  /*,  IHdoma,  which  results  ftom  the  metamorphous 
of  the  Ctrearta.    (After  Steenstnip.) 

the  embryo  passes  into  a  form  identical  with  or  closely  resem- 
bling that  of  the  parent  while  still  within  the  eggy  as  in  Aa- 
pidogaster.  When  this  happens  (e.  g.,  Distoma  variegatum^ 
D.  terettcolle)y  the  one  end  of  the  embryo  is  often  provided 
with  spines,  and  it  is  capable  of  slow  creeping  movements. 
But,  in  most  of  the  endoparasites,  the  embryo  leaves  the 
parent  as  a  morula,  which  is  usually  ciliated.  Thus,  in  Disto- 
ma lanceolatuniy  D,  hepaticum^  and  Monostomum  mutahUe^ 
the  embryo  which  escapes  from  the  egg  has  a  ciliated  invest- 
ment, which  propels  it  rapidly  through  the  water,  and  may 
be  provided  with  eyespots  and  water-vessels  (Fig.  44,  A). 
On  becoming  attached  to  the  animal  upon  which  it  is  parasit- 
ic, the  embryo  of  Monostomum  gives  exit  to  a  larva,  having 
the  form  of  a  cylindrical  sac  with  two  lateral  prolongations 
and  a  tapering  taiL  The  Hedia,  as  this  form  is  called  (Fig. 
44,  JBj  C)y  has  a  mouth  and  a  simple  csecal  intestine,  but  no 
other  organs.  In  its  cavity  a  process  of  internal  gemmation 
takes  place,  giving  rise  to  bodies  resembling  the  parent  in 
shape,  but  destitute  of  reproductive  organs,  and  furnished 
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with  long  tails,  bj  which  thej  are  propelled.  Tliese  creatures, 
called  CercaricB  (Fig.  44,  £)j  escape  bj  bursting  through  the 
Bedia^  and,  after  a  free-swimming  existence,  penetrate  the 
body  of  some  other  animal,  their  tails  dropping  ofL  Thej 
then  become  encysted,  and,  under  suitable  conditions,  assume 
the  adult  form,  and  develop  reproductiTe  oigans  (Fig.  44,  F). 
The  cycle  of  forms  through  which  J}istoma  mUitart  passes 
has  been  nearly  completely  traced,  and  may  be  briefly  stated 
as  follows  :  1.  The  parent  form,  whose  habitat  is  the  in- 
testines of  water-birds,  bears  on  its  anterior  extremity  two 
alternating  circles  of  larger  and  smaller  booklets,  and  a  few 
others,  irregulariy  disposed.  Rings  of  papillae  give  the  cen- 
tre of  the  body  an  annulated  aspect.  The  mouth,  almost 
terminal,  leads  into  the  long,  straight  digestive  caecum.  The 
generative  organs  are  similar  to  those  of  Aspidogcuier ;  the 
testes  are,  however,  double,  and  lack  the  internal  vas  deferens. 
The  ova  are  few,  eight  or  ten  in  number.  2.  From  each 
ovum  issues  a  ciliated  larva,  showing  the  rudiments  of — 3.  A 
Hedia,  but  the  mode  of  development  of  the  latter  has  not 
been  fully  traced.  The  perfect  Redia  is  found  attached  to 
the  body  of  a  water-snail  (Paludina)^  the  ciliated  investment 
having  disappeared.  It  consists  of  a  sac,  within  which  is 
suspended  a  tubular  bag,  containing  colored  masses,  probably 
alimentary.  Anteriorly,  the  head  is  represented  by  a  kind  of 
crown,  in  which  no  cesophagus  exists  as  yet,  and  not  far  from 
the  posterior  extremity  the  two  lateral  projections,  character- 
istic of  Distomatous  Redke^  appear.  During  the  rapid  growth 
of  the  zoOid,  the  head  becomes  marked  off  by  a  constriction, 
and  a  mouth  and  gullet,  with  a  pharyngeal  dilatation,  admit 
aliment  to  the  digestive  sac.  In  the  body  cavity,  external  to 
this  sac,  vesicles  appear,  rapidly  increase,  and  take  the  form 
of  CercaricB  ;  the  jRedia  bursts,  and  these  new  zoOids  are 
set  free.  4.  The  Cercaria  has  a  long  tail  with  lateral  mem- 
branous expansions,  by  means  of  which  it  swims  after  the 
fashion  of  a  tadpole.  The  phar}'ngeal  bulb  is  followed  by  an 
oesophagus,  which,  opposite  the  ventral  sucker,  divides ;  the 
two  branches  ending  in  a  caecum  on  either  side  of  the  cxm- 
tractile  vacuoles  of  the  water-vascular  system.  These  are 
median,  the  terminal  quadrate  chamber  opening  into  an  an- 
terior circular  one,  whence  are  given  off  the  two  main  canals 
which  traverse  the  body  longitudinally,  and  are  then  lost.  5. 
After  swimming  about  freely  for  a  while,  the  Cercaria  fixes 
itself  upon,  or  bores  its  way  into,  a  Paludina  ;  the  tail  drop- 
ping off,  and  the  body  coating  itself  with  a  structureless  cyst, 
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in  wfaioh  it  ramuns  quiescent,  but  undemoes  some  further 
tdnnoea  in  derelopnient,  the  coronal  booklets  making  their 
qpeannoe.  6.  When  a  Tdludina,  thus  infested,  in  swal- 
lowed 1^  a  watef-bird  and  digested,  the  cysts  are  set  free  in 
the  alimentaiy  oaoal  of  the  bird  ;  sexual  organs  appear  within 
the  incloded  Dutoma ;  the  body  elongates  and  narrows  an- 
tarim^  ;  the  sucker  moves  nearer  the  head,  and  the  coronal 
ndets  leadi  their  full  developinent.  The  JJistotna  gradually 
unmes  the  form  of  tlie  parent,  attaches  itself  by  its  booklets 
to  the  intestinal  walls,  and  acquires  complete  sexual  orgaDs.* 
Tbns  the  derelopmental  stages  of  JHatoma  militare  may  be 


1  up,  1 


:  1,  Ciliated  larra.  2.  Redia.  3.    Cercaria. 


i.  Cercana,  tailless  and  encysted,  or  incomplete  Dietoma. 
5.  Perfect  IHxtoma. 

llie  stages  of  transition  vary  in  different  genera.     Thus, 
inmU  generations  of  SedicB   may  intervene  between   the 


niaU)«d*porocrtt; 


third  and  fourth  stages  ;  or  the  mature  animal  may  appear  at 
the  close  of  this  stage,  having  imdcrgone  no  Cercarian  meta- 
morphosis. 

In   Bttcephalus  polymorphus,  a  parasite  of  the  fresh- 
water muscle  (Fig.  45),  two  caudal  appendu^s,  which  seem 
to  correspond  with  the  tail  of  the  ordinary  (TercarioB,  beoome 
■  Van  Beneden, "  Uimoini  but  Ub  Van  iDteatiiunui.' 
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enormouslj  elongated.  Tliey  are  converted  into  ramified 
tubes  called  fporocystSy  which  somotiines  occupy  all  the  iate^ 
spaces  of  the  viscera  of  the  muscle.  These  develop  new 
JlucepAali  by  internal  gemmation.  The  Trematode  condition 
appears  to  be  the  genua  Oa^terostomum,  which  inhabits  fresh- 
water fiebes. 

The  Sporocjsts,  Redise,  and  Ccrcariw,  free  ot  encysted, 
are  found  almost  exclusively  in  invertebratcd  animals,  while 
the  corresponding  adult  Trematodes  are  met  with  in  the  verte- 
brated  animals  which  prey  upon  these  Inverlebrata. 

The  singular  double-bodied  Ifiplozoon  paradoxum  has 
l)een  shown  by  Von  Siebold  to  result  from  a  sort  of  conjuga- 
tion between  two  individuals  of  a  Trematode,  which,  in  the 
Beparatc  state,  has  been  named  Diporpa,  The  ZHporpee, 
when  they  leave  the  egg,  are  ciliated  and  provided  with  two 
eye-spots,  with  a  small  ventral  sucker  and  a  dorsal  papilla. 
After  a  time  the  Diporpte  approach,  each  applies  its  ventral 
sucker  to  the  dorsal  papilla  of  the  other,  and  the  coadapted 
parts  of  their  bodies  coalesce.  They  acquire  fully  developed 
sexual  organs  only  this  after  union.' 

Gyrodactylus  multiplies  agamically  by  the  development 
of  a  young  Trematode  w^ithin  the  body,  as  a  sort  of  internal 
bud.  A  second  generation  appears  within  the  first,  and  even 
a  third  within  the  second,  before  the  young  Gyrodactybta  is 
bom. 

The  Cestoidka. — The  Tape-worms  are  all  endoparaaitcs, 
and,  in  their  adult  condition,  infest  the  intestines  of  verte- 
bra ted  animals. 

The  simplest  form  known  is  Caryophylltwut'  found  in 
fisbea  of  the  Carp  tribe.  It  has  a  slightly  elongated  body, 
dilated  and  lobed  at  one  end,  so  as  to  resemble  a  clove, 
whence  the  name  of  the  genus.  In  structure  it  resembles  a 
Trematode,  devoid  of  any  trace  of  an  alimentary  canal,  but 
provided  with  the  characteristic  w a Ler- vascular  system  and 
with  8  single  set  of  herin aphrodite  reproductive  organs. 

In  Ltffula,  the  body  is  much  elongated,  and,  at  the  head- 
end, exhibits  two  laterol  depressions.  It  is  not  divided  into 
segments,  but  there  are  numerous  sets  of  sexual  organs  ar- 

■  ZcUer,  "  Uatergachungan  Qber  die  EntwiekeluDg  dea  DiplozMm  pnradoi- 


[,Ztit4d^t  /Or  atu.  Za^oait,  IBTS.) 
a  iho  "  MuQoire  sur  le>  Ven  tnteiit' 


'  See  tho  "  M^oire  »ur  les  Ven  f  nteBtinam,"  1853,  by  M.  P.  J.  V«n  Benedea , 
In  vhich  I  ■oi  mnoh  indebted  far  infomuitioii  TeipeoCiDg  thU  and  other  genera 
at  CMoidta  vhioh  hafe  not  bllen  uader  my  oitd  observstian.  Also  LenokB^ 
"  Die  mBnBohlkheQ  Psiwrittn."  18«3 ;  and  Cobbold,  "  Zntoio*." 
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nnged  in  loDgitudinal  series.  The  openinss  of  the  genital 
^■nda  are  Bituated  in  the  middle  line  of  the  body.  These 
pMUUes  inhabit  fishes  and  amphibians,  as  well  as  wat«r- 
Wdi,  but  they  attun  tiieir  sexual  state  oa]y  in  the  latter. 


he.  M— IHunm  of 
UmoriEs  liool 


._. n  oriCMbdd  worm,  with  odIt  ma  Joint    Tba  pMl- 

_•  liooka  of  ■  Tmita  md  nt  one  or  tbe  probosdde*  of  *  TWrnrttniekiit 

ti  IndleaMd.  J,  baid  and  BDCk:  B,  laiaaeax  of  the  bodr  oornapoDdtnii  with  > 
yrooMKi.-  <l.r«M/>i>.'  &  roitaJla  Bplnea  (Tlanla);  a,  «>  o^.  ■plnoHennlble 
prDeoKli(Tk*iirt|iiKittu)  ;  d,  lacker;  «.  ginKlloa  (t);/.  uteml.  and  o.  circDl*r 
waler-Ta*Hl ;  k,  nmlScatlon*  of  tba  wator-TaineLi ;  k,  uuatomoalDR  trunk  ;  i, 
contractu*  Tmcnola  ;  L  gsnlui  Tcitlbnie ;  m.  pen!*  uid  vat  defercna  ;  n,  Ta^na ; 


la  the  more  typical  Cestoidea  the  body  ts  elongated,  and 
presents,  at  one  end,  a  head  provided  with  suckers,  and  very 
generally  with  chitinous  hooks,  either  disposed  circularly 
around  the  summit  of  the  head,  or  upon  proboscidiform  ten- 
tacles, which  can  be  retracted  into,  or  protruded  from,  the 
bead.  Sometimes  the  head  is  produced  into  lobes;  and  very 
^nerally,  when  lobes  or  tentacles  exist,  they  are  four  tn 
number,  and  are  disposed  symmetrically  round  the  head.  A 
short  distance  beyond  the  latter,  the  slender  body  widens  and 
becomes  transversely  grooved,  so  ns  to  be  marked  out  into 
segmeute.  Longitudinal  water-vessels  run  parallel  with  one 
another  through  the  body,  and  are  connected  by  transverse 
trunks  in  each  segment,  and  by  a  circular  vessel  in  the  head. 
In  Sothriocephalua  latut,  the  principal  trunks  are  occupied 
by  a  spongy  reticulated  tissue. 

Id  most  of  the  tape-worms,  innumerable,  s<did,  Btroogly- 
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ia  these  ova  in  the  same  way  as 
va  the  latter  gTOU|>,  it  may  either 
I  or  non-ciliated,  which  last 
is  a  solid  morula,  on  one 
chitiDoas  hooks,  disposed  symmet- 
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Fio.  47.— DU^nnu  fnnttntiTe  of  the  rdstioB  between  Tbnte.  <>rffaavM,  Ccmunat^ 
•sd  Echinoeoccu$,—A^  B,  jov^ur  ToaUat  in  Uw  SooUx  staipe,  the  latter  with  an 
enlarged  rtoeptaaiNm  aaottdt,  into  which  the  head  and  neck  are  withdrawn  in 
C.  CytOoertm;  D,  Otmmru$;  K,  hypothecical  condition  of  .gollnoopoew,  in  which 
*'  Tcenia  lieada  '*  are  dereloped  onij  on  the  inner  aorfiuM  of  the  primaiy  cyata;  J*, 
EeMnoooc«Mi  with  aecondaiy  qrata;  O,  emhrjo  Tamia  (after  Stein). 

If  the  egg  is  placed  in  appropriate  conditions,  the  hooked 
embryo  emerges  from  the  shell,  and  rapidly  increases  in  size. 

>  Sommer  and  Landoia.  "  Ueber  den  Baa  der  i^eaohlechtareifen  Qlieder 
▼on  Bothrioeephdlut  latut.'^  {Zeiitehrin  fur  wim,  Zooloffie.  187S).  Leuckait, 
however,  maintaiiiB  the  oontnuy  opinion,  '*Die  menaomiotien  Paraaiten,"  p. 
175« 
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After  m,  tune,  a  cftvity  appe&ra  in  the  midst  of  th«  cells  of 
vhich  the  morula  is  composed,  and*  a  chitinous  cuticula  is 
dertloped  upon  iixa  outer  surface  of  the  embryo.  RumiBed 
watar-resseu  make  their  appearance  in  the  wall  of  the  sphe- 
midal  sao  thus  formed,  and  id  some  cases  open  bj  an  external 
pore.  There  is,  therefore,  a  veiy  close  resemblance  between 
Ail  cestoid  embryo  and  the  sporocyst  of  a  Trematode. 

When  the  saccular  embryo  has  attained  a  certain  size,  a 
tUakening  and  invagination  take  place,  usually  at  one  (71s- 
ma),  sometimes  at  many  (  Caenurus,  JSchinococctia)  points  of 
ttswalL  The  invagination  of  the  wall  elongates  inward,  and 
becomes  a  otecum,  the  cavity  of  which  opens  outward.  At 
the  bottom  of  the  interior  of  this  csscum,  and  therefore  on 
whit  is  morphologically  its  external  surface,  the  hooks  of 
those  species  whi<£  possess  them  are  developed,  while,  upon 


Fio.  48.— JEbUnoeoeou  oettrlrvirum.—A,  "TbkiI*  he»d,"     

niekan;  c,i:ll[»!o  w«ter-TeB«e!i;  d,  nMl,  »tnmElj  reri«etlii)[p»rtlcl«i  «.  •iukio 
hooka;  C,  ponlon  of  lbs  el»ile  cjrtt,  a  ;  wtih  tba  [nncr  membrnDons  prbnirr 
cjal,  ft;  e  mud  (,  Sediea  derelopias  from  lu  Inner  sarricB;  i,  ■  Becondirr  ojit. 

the  side-walls,  elevations  arise,  which  become  converted  into 
sudcers.     The  ciecum  is  next  evaginated  oi  turned  inside 
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oas«  ami  the  embrro  kas  tbe  form  of  m  pbud,  of  which  the 
evmginsted  cbciiib  fiara*  the  mtck.  Bound  its  apex  are  the 
hooksw  azid  belonr  these  the  soekefSy  forming  a  complete  ces- 
taad  heml :  while  the  »c  aasweis  to  the  body  of  the  phiaL 
The  oriicinal  hooks  of  the  embryo  are  cast  off  in  the  course 
of  dfeepmesL 

If  the  egif^of  the  Tayc  woim  haTe  passed  into  the  aliment- 
arr  canal  of  aa  **■— *^  in  wkidi  tbe  worm  is  unable  to  attain 
ifi»  aexoal  coodisioo,  the  hooked  embnro,  as  soon  as  it  is 
ha&ebed«  bores  its  wmj  throi^h  the  walls  of  the  alimentary 
eanaL  and  evenmafly  bgcoaaea  k>dged  in  the  connective  tissae 
becween  the  mtiacles^  or  in  the  lirer,  or  in  the  brain  or  eye. 
Heie  it  goes  through  the  changes  which  have  been  desoribed, 
and^  geiKraliTy  the  sac  oodergoes  very  great  dilatation.  The 
zegitxi  of  tbe  waU  of  the  sac  to  which  the  cestoid  head  is  at- 
tached becooies  inraginated,  and  thos  is  inclosed  within  a 
eh.-iniher.  the  parietes  of  which  are  really  constituted  by  the 
outside  of  its  own  bodv.  In  this  condition,  the  animal  is 
whac  is  termed  a  Cystic  wormy  or  bladder-worm ;  and  when 
there  is  only  one  head  it  is  a  C^icercus.  In  the  genera 
C'Xr^*^ry$9  and  K:kimocoecm9  the  cystic  worm  has  many  heads; 
aai  in  K:hiHO'»Tcm»y  the  structure  of  the  cystic  worm  is  still 
further  complicated  by  its  prc^eration,  the  result  of  which  is 
the  l^>nnatioQ  of  many  bladder-worms  inclosed  one  within 
the  ocher«  and  contained  in  a  strong  laminated  sac  or  cyaty  ap- 
parently oi  a  chitinoos  nature,  secreted  by  the  parasite  (Fig. 

In  the  cystic  condition,  the  Tape-worms  never  acquire 
sexual  organs ;  but,  if  transported  into  the  alimentary  canal 
of  their  appropriate  hosts,  the  heads  bcMX>me  detached  from 
the  cysts,  and,  rapidly  ^wing,  give  rise  to  segments,  which 
become  sexual  proglottides.  The  Tape-worms  are  rarely  met 
with  in  both  the  cystic  and  cestoid  conditions  in  the  same 
animal ;  but  the  cystic  form  is  found  in  some  creature  which 
serves  as  prey  to  the  animal  in  which  the  cestoid  form  occurs. 
Thus: 

Cystic  Form.  Cestoid  Form. 

Cystieereui  eelMow.  Tcmia  iolium, 

(Muscles  of  the  Pig)  (Man) 

CystUercm 1  Tomia  medioeanellata, 

(Muscles  of  the  Ox)  (Man) 

C^stieereus  puiformia.  Tcmia  wrrata. 

(liver  of  the  Babbit)  (Dog,  Fox) 
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CtbtioFobic. 

OiftHeereuM  faiciolaru, 

(liyer  of  Rati  and  lOoe) 

Canwnu  cerebraUt, 

(Sheep*8  brain) 

EAinacoecui  veterinorum. 

STer  of  Man  and  of 
nestle  Ungulata) 


CE0TO1O  FOBM. 

Tcmia  erasneoUis, 

(Oat) 

Tcmia  ecmurus, 

(Dog) 

Tcenia  Eehinocoeeus, 

(Dog) 


The  embryo  of  lamia  cucumerina  passes,  in  the  body  of 
the  Dog^louse  ( Drichodectes  canis)^  into  a '  Cyaticercoiaj  or 
miniite  un jointed  and  sexless  Teenia,  without  any  terminal 
dilatation.  The  dog  devours  the  louse  and  the  Cysticercoid 
becomes  m  Tcmia  cucumerina  in  his  intestine.  The  eggs  of 
the  Taenia^  contained  in  faeces  adherent  to  the  hair  of  the 
dog,  are  in  turn  devoured  by  the  louse,  and  thus  the  "  vicious 
eirele  "  of  parasitism  is  maintained. 

Hie  cystio  Tetraphyllidea  frequent  osseous  fishes,  their 
sexual  maturity  being  attained  in  the  bodies  of  Plagiostomes. 
Hie  head  is  provided  with  four  suckers  or  lobes,  which  may 
be  stalked  and  unarmed,  as  in  JEcheneihothriiim^  or  furnished 
with  booklets  as  in  Acanthohothrium  ;  while,  in  Tetrarhyn- 
chuSy  four  proboscidiform  tentacles,  thickly  set  with  booklet?, 
are  retracted  into  sheaths  alongside  of  the  suckers  (Fig.  46). 

The  Diphyllidea  have  two  suctorial  disks,  two  armed 
rostellar  prominences,  and  a  collar  of  booklets  on  the  neck. 

The  migrations  of  the  PseudophyUidea  arc  chiefly  from 
fishes  and  amphibians  to  water-birds,  one  genus  (Bothrio- 
eephalus)  containing  species  which  enter  the  human  body,  prob- 
ably in  the  flesh  of  fresh-water  fishes.  The  head  has  neither 
suckers  nor  lobes,  but  is  deeply  grooved  on  cither  side.  In 
JBoihriocephalus  the  genital  apertures  arc  in  the  middle  of 
each  segment.  The  embryo  is  ciliated,  and  swims  actively  in 
water.  Recent  experiments  tend  to  show  that  the  develop- 
ment of  the  embryo  in  this  genus  may  take  place  directly,  or 
without  the  intervention  of  a  Cysticercus  stage. 

It  is  obvious  that  the  Cestoidea  are  very  closely  related  to 
the  Trematoda,  In  fact,  inasmuch  as  some  of  the  latter  are 
anenterous,  and  some  of  the  former  are  not  segmented,  it  is 
impossible  to  draw  any  absolute  line  of  domarkation  between 
the  two  groups.  It  would  appear  that  the  Cestoidea  are 
either  Trematodes  which  have  undergone  retrogressive  met- 
amorphosis and  have  lost  the  alimentary  canal  which  they 
primitively  possessed,  or  that  they  are  modifications  of  a 
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Trematode  type,  in  which  the  eDdoderm  has  got  no  further 
than  the  spongy  condition  which  it  exhibits  in  Convoluta 
among  the  I^irMlaricL,  and  in  which  no  oral  aperture  has 
been  formed ;  or,  lastly,  it  is  possible  that  the  central  cavity 
of  the  body  of  the  embryo  Tcenia  simply  represents  a  blas- 
tocoele. 

If  the  Cesioidea  are  essentially  Trematodes,  modified  by 
the  loss  of  their  digestive  organs,  some  trace  of  the  digestive 
apparatus  ought  to  be  discoverable  in  the  embryo  tape- worm. 
Nevertheless,  nothing  of  the  kind  is  discernible,  unless  the 
cavity  of  the  saccular  embryo  is  an  enterocoele.  And  if  this 
cavity  is  a  blastoccde,  and  not  an  enterocoele,  it  may  become 
a  question  whether  the  tape-worms  are  anything  but  gigantic 
morulae,  so  to  speak,  which  have  never  passed  throu^^  the 
gastrula  8tage« 


CHAPTER  V. 

m    HmUDINXA,    THB     OLIGOCH^fiTA,   THE    POLYCH^fiTA,    THE 

GEPHYBEA. 

The  Hibudinea. — ^The  Leeches  are  aquatic  or  terrestrial, 
more  or  less  distinctly  segmented,  vermiform  animals,  most 
of  irhich  suck  blood,  though  some  devour  their  prey.  The 
ectoderm  is  a  cellular  layer,  covered  externally  by  a  chitinous 
euticula,  and,  except  in  Malacobdellay  devoid  of  cilia.  Very 
commocdy  it  is  marked  by  transverse  constrictions  into  rings, 
which  are  more  numerous  than  the  true  somites  as  indicated 
by  the  ganglia  and  the  segmental  organs ;  and  simple  glands 
may  open  upon  its  surface.  One  or  more  suckers,  which 
serve  as  organs  of  adhesion,  are  developed  upon  it.  In  some 
(AeanthobdeUa\  bundles  of  setse  are  present ;  in  others  {Bran* 
eheUion)  the  sides  of  the  body  are  produced  into  lobe-like 
appendages ;  but  none  have  true  limbs,  unless  the  lateral  ap- 
pendages of  JETistriobdella  are  to  be  considered  as  such ;  nor 
are  the  anterior  segments  of  the  body  so  modified  as  to  give 
rise  to  a  distinct  head. 

The  mouth  is  generally  situated  at  the  anterior  end  of  the 
body ;  the  anus  at  the  opposite  extremity,  on  the  dorsal  side 
of  the  terminal  sucker.  The  buccal  cavity  may  be  armed 
with  several  serrated  chitinous  plates,  as  in  the  Medicinal 
Leech,  where  there  are  three  such  teeth.  By  their  aid  the 
Leech  incises  the  skin  and  gives  rise  to  the  well-known  tri- 
ardiate  mark  of  a  leech-bite.  The  buccal  cavity  usually 
opens  into  a  muscular,  sometimes  protrusible,  pharynx,  from 
which  a  narrow  oesophagus  leads  into  a  stomach,  which  is  fre- 
quently produced  into  lateral  cseca.  In  the  Medicinal  Leech 
(Fig.  49),  for  example,  there  are  eleven  pairs  of  such  c8Bca, 
increasing  in  length  and  capacity  from  before  backward. 
From  the  stomach  a  narrow  intestine  leads  to  the  anus.    In 
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MalacohdeJia  the  alimentary  canal  is  a  sim- 
ple lube  bent  several  times  upon  itself. 
The  alimentary  canal  is  UneJ  by  the  cells 
of  the  endodeiTO,  and  the  space  between 
them  and  the  ectoderm  is  occupied  by  the 
mesoderm,  which  contains  abundant  con- 
nective and  muscular  eJemenls,  and  is  ex- 
cavated by  tho  blood-channels,  which  some- 
times have  the  form  of  wide  sinuses,  but 
in  other  cases  are  comparatively  narrow 
vessels  with  definite  walls. 

In  the  lower  Strudinea,  as  Cleptine, 
the  sinuses  and  vessels  appear  to  form  one 
continuous  system  of  cavities  containing  a 
fluid  which  must  be  regarded  as  blood.  But 
in  the  Leech  a  distinct  pseud-hfemal  vascu- 
lar system  has  attained  a  great  degree  of 
definition  and  complexity :  it  consists  of 
(1)  a  median  dorsal  trunk  ;  (3)  a  median 
ventral  trunk,  in  which  the  ganglionic  nerve- 
chain  lies  ;  (3,  4)  two  wide  lateral  longitu- 
dinal tninks  (Fig.  50).  These  anastomose 
with  one  another,  and  giro  off  numerous 
branches,  which  open  into  a  rich  capillary 
network,  situated  in  the  muscular  layer  of 
the  mesoderm,  and  on  the  segmental  and 
reproductive  organs.  The  fluid  contained 
within  thcBe  vessels  has  a  red  color,  and 
contains  no  corpuscles. 

More  or  fewer  of  the  segments  of  the 
body  are  provided  with  what  are  termed 
aegn\ental  orijaiis.  These  are  tubes  which 
open  externally  on  the  ventral  wall  of  the 
body,  while  at  their  other  extremities  they 
either  open  into  the  sinuses  by  ciliated 
mouths  (Clepfine),  or  form  a  closed  and 
more  or  less  reticulated  non-ciliated  coil 
(JKn/rfo).  These  obviously  answer  to  the 
ciliated  water-vessels  of  the  Turbellaria 
and  Tremaloda. 

The  nervous  system  consists  of  a  cerebral  muss  i 
the  mouth,  proceeding  trooi  which,  on  each  side,  is  i 
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meeting  it  with  a  ventral  cord  on  whiah  ganglia,  cor- 
■      in  number  with  tha  somites  of  the  body,  are  de- 
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cofr-balr  of  tbe  bodT  la  depleted:  a,  a,  the  venlnl  trunk:  a.  i',t" 
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Teloped.  Tn  Malacobdella,  these  coi'<1s  are  lateral  and  wide 
apart,  but,  iu  all  the  other  Hirudinea,  they  come  cIobc  to- 
gether behind  the  mouth,  and  occupy  the  middle  line  of  the 
ventral  face  of  the  body.  In  the  Leech,  according  to  Leuck- 
art,  there  are  originally  thirty  pairs  of  postKtral  ganglia,  but 
the  seven  posterior  and  the  three  anterior  pairs  coalesce,  so 
that  only  twenty-throe  pairs  ore  diEtinguishable  in  the  adult. 
Nerves  are  given  off  to  the  pharynx  and  intestines,  and  the 
former  develop  special  ganglia. 

Simple  eyes  are  usually  present  on  the  anterior  or  oral 
segment,  and  receive  nerves  from  the  supraceBophageal  gan- 
glia. In  the  Leech  these  eyes  are  situated  in  the  first  three 
segments.  Cup-shaped  depressions  of  the  integument  of  the 
anterior  segments  of  the  Irady,  lined  by  peculiar  glassy  cells 
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and  in  relation  with  nerves  wliioli  tcrniiaate  in  tine  filameotf, 
have  been  discovered  by  Leydig  in  several  of  the  Uirudinea.* 

The  elongated  spindle -all  aped  muscle-celts  of  the  body  are 
abundant,  and  are  disposed  in  a  superficial  circular  and  deep 
longitudinal  layer,  while  dorso-vuntral  bands  pass  from  ths 
dorsal  to  the  opposite  body-wall. 

Matacobdella  and  JlUtriobddla  are  dicecioua,  but  the  other 
ffirudinea  are  hermaphrodite.  The  male  organs  consist  of 
numerous  testicular  sacs,  situated  on  each  side  of  the  body, 
and  connected  by  a  vas  deferens,  which  usually  opens  into 
a  sac,  terminating  in  an  evcrsible  penis.  The  spermatozoa 
are  often  inclosed  in  a  caso  or  spermatopkore.  The  female 
organs,  much  smaller  than  the  male,  consist  of  ovaries,  with 
oviducts  opening  into  a  vagina.  The  vaginal  orifice  is  behind 
that  of  the  penis.  In  the  Leech  the  eggs  are  inclosed  in  a 
sort  of  cocoon,  formed  by  a  viscid  secretion  of  the  integu- 

The  observations  of  Rathlte  and  Leuckart  on  the  develop- 
ment of  Nephelis,  Cleptine,  and  Hlrudo  show  that,  after  the 
division  of  the  vitellua  into  a  few  equal-sized  large  blasto- 
merea,  small  blaatomeres  are  separated  from  the  large  ones  (as 
in  the  Cteniipkora  and  Polyctlis),  and  the  rapidly-multiply- 
ing small  blastomeres  form  an  investment  to  the  slowly-dirid- 
ing  large  ones.  This  investment  is  the  cpiblast,  and  becomes 
the  ectoderm,  while  the  included  larger  blustomeres  are  event- 
ually converted  into  the  cells  of  the  endoderm.  At  one  end 
of  the  body  the  oral  aperture  appears,  in  some  cases  (e.g., 
Hephelis)  surrounded  by  a  raised  lip,  as  in  the  embryo  Pla- 
narian  ;  and  the  embryo  passes  into  the  Gastrula  stage.  The 
body  now  elongates,  and,  on  the  ventral  face,  the  mesobtast 
makes  its  appearance  as  a  layer  of  cells,  sometimes  divided 
into  two  longitudinal  bands,  separated  by  a  median  interval. 
Three  pairs  of  segmental  organs,  which  have  only  a  tempo- 
rary eriatenoe  and  have  been  regarded  as  primordial  kidneys, 
are  developed  at  the  posterior  end  of  the  body.  The  meso- 
blast  next  becomes  divided  transversely  into  the  number  of 
somites  of  which  the  body  is  eventually  composed,  the  divis- 
ion first  making  its  appearance  on  the  ventral  face  of  the 
body.  A  pair  of  ganglia,  probably  derived  from  the  epiblast, 
is  developed  in  each  segment. 

Thus,  in  the  Leeches,  the  segmentation  of  the  body  is  the 
result  of  the  sogmentalion  of  the  mesoblast,  which  becomes 

■  "  Archiv  fUr  Anotauiia  und  Phyaiuloftie,"  ISSL 
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the  mesoderm  of  the  adult.  And  it  is  this  segmentation  of 
the  meaoblasty  and  consequently  of  the  mesoderm,  which  con- 
stitutes the  most  important  difference  between  the  Leech  on 
the  one  hand  and  the  Turbellarian  and  Trematode  on  the 
other. 

On  the  other  hand,  in  the  development  of  a  mesoblast 
which  undergoes  division  into  segments,  the  Leeches  exhibit 
the  fundamental  character  of  all  such  segmented  Invertebrates 
as  the  chsetophorous  Annelida  and  the  Arthropoda. 

The  Ouooch^ta. — The  earthworm  (Zumbricus)  and 
fieah-water  worms  {NitiSj  Tuhifex^  C/icetogaster),  which  are 
included  under  this  name,  are  closely  allied  with  the  Leeches 
b  the  essential  points  of  their  structure  and  development, 
much  as  they  differ  from  them  in  habit  and  appearance. 

They  have  elongated,  rounded,  segmented  bodies,  often 
divided  by  many  superficial  transverse  constrictions  into 
rings,  which,  as  in  the  leeches,  may  be  more  numerous  than 
the  proper  somites.  There  are  no  limbs,  but  each  segment 
is  usually  provided  with  two  or  four  sets  of  longer  or  shorter 
chitinous  setae,  which  are  developed  and  lodged  in  integument- 
ary sacs.  The  outermost  layer  of  the  ectoderm  is  a  non-cili- 
ated chilinous  cuticle. 

The  mouth  is  situated  close  to  the  anterior  end  of  the 
body,  but  a  "  cephalic  lobe "  not  unfrequcntly  projects  be- 
yond it  on  the  dorsal  side.  The  anus  is  at  the  opposite  ex- 
tremity of  the  body,  and  the  straight  alimentary  tract  which 
connects  the  two  and  is  lined  by  the  endoderm  is  usually 
divided  into  a  pharyngeal,  oesophageal,  and  gastro-iiitestinal 
portion,  the  latter  often  being  produced  laterally  into  short 
cteca.  The  mesoderm  presents  well-developed  transverse, 
longitudinal,  and  dorso-ventral  muscuLar  fibres,  as  in  the 
Leeches.  It  is  excavated  by  a  spacious  perivisceral  cavity, 
which  contains  a  colorless  corpusculated  fluid,  and  is  divided 
by  thin  but  muscular  mesenteries,  which  stretch  from  the  in- 
testine to  the  parietes,  and  thus  break  up  the  perivisceral 
cavity  into  partially  separate  chambers.  In  addition,  there 
is  a  system  of  pseua-hieraal  vessels,  like  those  of  the  Leeches, 
provided  with  contractile  walls,  and  containing  a  red  non- 
corpusculated  fluid.  No  communication  has  been  ascertained 
to  exist  between  these  vessels  and  the  perivisceral  cavity ; 
but  there  can  be  little  doubt  that,  as  in  the  case  of  the 
Leeches,  they  must  be  regjirded  as  a  specially  differentiated 
part  of  the  general  system  of  the  perivisceral  cavity. 
9 
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In  the  majority  of  the  segments  there  are,  as  in  the  IR- 
rudinea^  paired  segmental  organs ;  these  are  ciliated  and 
their  inner  ends  open  into  the  perivisceral  chamber. 

The  nervous  system  consists  of  prae-oral  or  cerebral  gan- 
glia,  continued  backward,  on  the  ventral  aspect  of  the  body, 
by  commissures  on  each  side  of  the  oesophagus  into  a  double 
chain  of  closely  united  post-oral  ganglia. 

Large  tubular  fibres  are  imbedded  in  the  neurilemma  of 
the  ganglionic  chain  on  its  dorsal  face.  In  the  earthworm 
there  are  three  of  these — one  median  and  two  lateral — ex- 
tending along  the  whole  length  of  the  ventral  end,  but  not 
into  the  oesophageal  commissures.'  The  nature  of  these 
structures  is  imknown. 

These  animals  are  hermaphrodite.  The  generative  organs 
are  situated  in  the  front  part  of  the  body,  the  male  oi^ns 
being  anterior  to  the  female.  In  the  aquatic  Oligochoeta 
{NdiSy  Tubifex)  the  genital  glands  have  no  proper  ducts,  but 
the  segmental  organs  of  the  segments  in  which  they  are  con- 
tained convey  the  generative  products  outward.  In  the  ter- 
ricolous  forms  (Lumbricus)  the  vasa  deferentia  are  continuous 
with  the  testes,  which  are  very  large.  The  ovaries,  on  the 
other  hand,  are  minute  solid  bodies  attached  to  one  of  the 
mesenteries,  and  the  oviducts  are  separate  tubes  with  funnel- 
shaped  mouths,  which  open  into  the  cavity  of  the  segment. 

In  N'ais  and  Chcetogaster,  agamic  multiplication  occurs 
by  the  development  of  posterior  segments  of  the  body  into 
zoOids,  which  may  remain  associated  in  chains  for  some  time, 
but  eventually  become  detached  and  assume  the  parental 
form.  Schulze  has  observed  that  when  a  Nais  has  divided 
into  an  anterior  and,  posterior  zoOid,  the  last  somite  of  the 
former  gradually  enlarges,  and  becomes  divided  into  new 
somites,  the  anterior  of  which  give  rise  to  a  head.  A  new 
zoOid  is  thus  developed  between  the  previously  existing  ones. 
This  process  is  repeated  in  what  was  the  i>enultimate,  but  is 
now  the  ultimate  somite  of  the  anterior  zoOid  ;  and  again  in 
the  penultimate  somite  when  it  has,  in  the  same  way,  become 
terminal. 

As  the  Earthworm  is  a  very  accessible  subject,  it  may  be 
useful  to  the  student  to  be  furnished  with  an  account  of  some 
of  the  chief  points  of  its  organization  more  in  detail. 

The  exterior  of  the  body  of  an  Earthworm  (Lumhricus 
terreatris^  rubellus^  or  communis)  shows  a  number  of  close-set 

>  Clapardde,  **  Hlstologische  UnterBuohungen  aber  don  Begenwunn,*'  1869. 
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tnnsrerse  grooves  which  divide  its  body  into  numerous  nar- 
low  rin^  or  segmenta'  The  most  anterior  segment  is  small 
and  oonical,  and  presents,  on  its  under  surface,  a  depression 
which  is  the  oral  aperture.  The  anus  is  at  the  opposite  end 
of  the  body.  Behind  the  mouth,  the  successive  segments  rap- 
idly ftttain  their  average  size ;  but,  in  a  full-grown  worm,  a 
part  of  the  body,  into  which  more  or  fewer  of  the  segments 
between  the  twenty-fourth  and  thirty-sixth  inclusively  (29  ?- 
36,  L.  terresirU  ;  24-29  ?,  Z.  rubellus  ;  2G-32,  L.  communis) 
eater,  is  swollen,  of  a  different  color  from  the  rest,  provided 
with  abundant  cutaneous  glands,  and  receives  the  name  of 
einffuium  or  dUeUum, 

In  the  dorsal  median  line  there  is  a  series  of  small  aper- 
tures or  pores,  one  for  each  segment  except  the  most  an- 
terior, which  lead  into  the  perivisceral  cavity ;  while  upon 
the  yentral  surface  of  the  anterior  part  of  the  body  the  eight 
apertures  of  the  organs  of  generation  are  situated.  Of  these, 
four,  situated  two  on  each  side,  between  the  ninth  and  tenth, 
and  the  tenth  and  eleventh  segments,  are  the  openings  of  the 
reeepicuiula  $eminia.  The  openings  of  tlie  two  oviducts  arc 
on  the  fourteenth  segment ;  those  of  the  two  vasa  deferent ia 
on  the  fifteenth.  Besides  these,  all  the  segments,  except 
some  of  the  most  anterior,  exhibit  a  pair  of  minute  openings 
appertaining  to  the  segmental  organs  ;  and  they  are  further 
perforated  by  the  four  longitudinal  double  rows  of  setns, 
which  project  slightly  beyond  the  surface  of  tlie  integimiout, 
and  offer  a  certain  resistance  when  the  worm  is  drawn  from 
tail  to  head  through  the  fingers. 

The  body  is  invested  in  a  thin  and  transparent  but  dense 
eutieuiaj  perforated  by  excessively  minute  vertical  canals. 
Within  this  lies  a  thicker  layer,  consisting  of  a  reticulated 
nucleated  protoplasm,  the  meshes  of  which  are  filled  with 
a  transparent  gelatinous  substance.  This  layer  probably  rep- 
resents both  the  dermis  and  epidermis,  and  has  been  termed 
the  hypodermia.  Internal  to  it  lies  a  thick  layer  of  circular 
muscular  bands,  in  the  interstices  of  which  pigment-granules 
occur ;  and,  still  more  internally,  is  a  much  thicker  coat  of 
muscular  fibres,  which  are  disposed  longitudinally. 

The  cavity  circumscribed  by  this  longitudinally  fibrous 
muscular  layer  is  lined  by  a  kind  of  connective  tissue.  Cor: 
responding  with  the  divisions  between  every  pair  of  segments 

>  The  quARtion  how  far  nil  those  sefl^onts  represent  nomite.s  may  bo  left 
op«n.  The  hlBtory  of  the  developmeut  of  the  Eartliworm  is  in  favor  of  their 
being  true  somitcB. 
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{except  in  the  most  anterior  part  of  the  body),  tliis  connective 
tissue  is  continued  transversely  toward  tlie  axis  of  the  body, 
nud  passes  into  that  which  forms  the  wall  of  the  intestine: 
while,  on  the  rentral  side,  it  forms  an  arch  over  the  ventral 
nervous  cord  and  the  vesaelH  which  accompany  it.  In  tlie 
interior  of  each  of  these  meaenteric  iepta,  radiating  and  circu- 
lar muscular  fibres  arc  abundantly  developed,  and  the  former 
are  connected  externally  ivith  the  superficial  layer  of  trans- 
verso  muaclfs. 

The  perivisceral  cavity  is  thus  divided  into  nearly  as  many 
short  chambers  as  there  are  segments ;  each  chamber  com- 
municates with  the  exterior,  directly  by  the  dorsal  pore  and 
indirectly  through  the  segmental  organs,  while  fluid  may  pass 
from  one  to  the  other  by  the  supra-neural  archways. 

The  short  and  curved  setas  project  much  farther  into  the 
interior  of  the  body  than  they  do  on  to  its  exterior.  The  free 
apices  of  each  pair  are  situated  close  together,  while  their 
inner  ends  diverge  from  one  another.  Each  is  inclosed  in  a 
sac  in  which  it  is  developed,  and  to  which  the  muscles,  by 
which  it  is  protruded,  aro  attached.  Tliere  are  eight  seUe  to 
each  Bomit«,  one  pair  not  far  from  the  ventral  median  line  on 
each  side  ;  and  the  other  pair  placed  in  the  same  transverse 
line,  but  further  outward. 

The  mouth  leads  into  a  muscular  pharynx,  with  &  com- 
paratively small  internal  cavity,  which  reaches  as  far  back 
as  the  seventh  segment.  From  this  a  narrow  oesophagus  is 
continued  as  far  back  as  the  fifteenth  or  sixteenth  segment; 
and  presents  three  pairs  of  Interal  glandular  diverticula,  which 
contain  n  calcareous  matter,''  in  the  region  of  the  twelfth  and 
thirteenth  segments.  Posteriorly,  the  gullet  opens  into  a 
crop,  which  is  succeeded,  about  tile  eighteenth  segment,  by  a 
thickened  and  muscular  gizzard. 

Upon  this  follows  the  intestine,  which  has  tbe  appearenoe 
of  a  simple  tube;  but  is  in  reality  complicated  by  the  invo- 
lution of  its  wall,  along  the  dorsal  median  line,  into  a  thick 
fold,  which  projects  into  the  interior  of  the  intestinal  cavity, 
and  is  the  so-called  typhlnaole.  Tlie  exterior  of  the  intestine 
and  the  cavity  of  the  typblosole  present  a  coating  of  yellow- 
ish-brown cells. 

The  tegmental  organs  are  greatly  convoluted  tubes,  situ- 

'  The  nature  of  thin  aubBtanoo  ha»  rooenUy  Wen  dUouBsed  by  M.  E.  Parrier, 
"  Etude  eur  ud  (tnnre  nouveau  de>  LombrioieDB."  ("Arabivw  da  Zuologle  u- 
piiiuentals,"  1873.  J 
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ated  one  on  each  side  of  every  segment  except  the  first,  and 
attached  to  the  posterior  mesenteric  septum  of  the  segment 
Each  canal  communicates  internally,  by  a  wide  funnel-shaped 
ciliated  aperture,  with  the  perivisceral  cavity,  while  external- 
ly it  opens  by  a  minute  pore,  which  is  usually  close  to  the  in« 
temal  pair  of  setae.  ^ 

A  colorless  fluid,  containing  colorless  corpuscles,  and  an- 
swering to  the  blood  of  other  invertebrated  animals,  occu- 
pies the  perivisceral  cavity  ;  but,  in  addition  to  this,  there  is 
a  deep-red  fluid,  devoid  of  corpuscles,  which  fills  a  very  large- 
ly developed  system  of  pseud-haemal  vessels.  These  consist 
of  longitudinal  and  transverse  principal  trunks,  and  of  very 
numerous  branches  which  proceed  from  them  and  ramify  in 
all  parts  of  the  body,  except  the  cuticle  and  hypodermis. 

The  longitudinal  trunks  are  three  :  one  supra-intestinal^ 
which  lies  along  the  dorsal  aspect  of  the  alimentary  canal ; 
one  sttlhintestinaly  which  corresponds  with  this  on  the  ven- 
tral aspect  of  that  canal ;  and  one  sub-neural,  which  lies  be- 
neath the  ganglionic  cord. 

The  supra-intestinal  and  sub-intestinal  vessels  are  con- 
nected in  the  greater  number  of  the  segments  by  pairs  of  com- 
missural  transverse  trunks,  which  embrace  the  intestine,  and 
give  off  numerous  branches  to  it.  The  supra-intestinal  and 
sub-neural  vessels  give  offtransverse  trunks  into  the  mesenter- 
ic septa,  which  branch  out  into  the  muscular  layers,  and  some 
of  which  anastomose  so  as  to  form  a  second  set  of  transverse 
communications.  Moreover,  the  sub-neural  trunk  and  the 
sub-intestinal  trunk  respectively  send  branches  to  each  seg- 
mental organ,  upon  which  they  are  distributed,  and,  anastomo- 
sing, give  rise  to  another  series  of  communications  between 
the  longitudinal  trunks. 

In  the  seven  most  anterior  segments,  the  longitudinal 
vessels  break  up  into  a  network,  and  there  are  no  distinct 
transverse  commissural  vessels.  Behind  these,  and  in  the 
region  of  the  generative  apparatus,  the  commissural  vessels 
are  greatly  dilated,  and  form  from  Bve  to  eight  pairs  of  so- 
called  hearts  which  are  attached  to  the  anterior  faces  of  as 
many  mesenteries,  l^hese  contract  from  the  dorsal  toward 
the  ventral  side. 

The  nervous  system  consists  of  two  cerebral  ganglia 
lodged  above  the  pharynx  in  the  third  segment,  and  united 

>  Gej^enbaur, "  Ueberdie  sojrenaimtenRcBpirationsorganc  des  Regrenwuims." 
{ZdUchr^tfur  wisB.  ZodogU,  1852.) 
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by  commissural  cords  with  the  anterior  ganglia  of  the  chain, 
which  extends  through  the  whole  length  of  the  body  on  the 
ventral  wall  of  the  perivisceral  cavity. 

There  are  no  eyes,  nor  are  any  other  organs  of  special 
sense  known. 

The  Earthworm  is  hermaphrodite.  The  testes  are  two 
pairs  of  large  sacs,  each  of  the  anterior  pair  being  bilobed. 
The  testes  of  opposite  sides  are  united  in  a  common  median 
reservoir,  situated  in  the  tenth  and  eleventh  segments,  from 
which,  on  each  side,  ducts  take  their  origin.  The  two  ducts 
of  the  testes  of  the  same  side  unite  into  a  single  vas  deferens, 
and  these  two  vasa  deferentia  open  externally  on  the  ventral 
aspect  of  the  fifteenth  segment.  The  ovaries  are  two  minute 
solid  bodiesi,  not  more  than  -i>|^  of  an  inch  long,  attached  to 
the  posterior  face  of  the  mesenteric  septum  which  separates 
the  twelfth  and  thirteenth  segments.  They  therefore  lie  in 
the  cavity  of  the  latter.  The  oviducts  are  quite  distinct  from 
the  ovaries,  and  open  internally  by  wide,  funnel-shaped  aper- 
t«rt»a,  situateil  in  the  cavity  of  the  thirteenth  segment.  From 
thesH>  funnel^haped  ends  the  oviducts  are  continued,  as 
elenilor  tubes^  through  the  mesenteric  septum  which  separates 
tho  thirteenth  from  the  fourteenth  segment,  and  open  on  the 
ventral  f»ot>  of  the  latter. 

Four  globular  spermathecae,  or  receptacles  of  the  sper- 
matiuwa,  are  situated,  two  on  each  side,  in  the  tenth  and 
eleventh  aeirwent;^  and  oj>en  on  the  ventral  face  between 
the  ninth  and  tenth  and  the  tenth  and  eleventh  segments 
resnootivoly.  These  are  filled  when  copulation  takes  place, 
durmff  which  process  the  two  worms  are  said  to  be  bound 
together  by  a  tough  secretion  of  their  clitella. 

The  development  of  the  OUgochceta  has  recently  been 
carefully  investigated  by  Kowalewsky.  The  eggs  of  the 
Earthworm  are  laid  in  chitinous  cocoons  or  cases,  which  are 
probably  secreted  by  the  clitella.  In  addition  to  the  eggs, 
the  cocoons  inclose  an  albuminous  fluid,  and  packets  of  sper- 
matozoa. The  vitellus  is  invested  by  a  membrane,  and  con- 
tains a  germinal  vesicle  and  spot.  Complete  yelk-division 
takes  place,  and  eventually  the  blastocoele  becomes  reduced 
to  a  mere  cleft.  The  blastomeres  are  disposed  in  two  layers 
— ^one  consisting  of  small  and  the  other  of  large  blastomeres. 
The  embryo  thus  formed  becomes  concave  on  the  side  formed 
by  the  large  blastomeres,  until  it  assumes  the  form  of  a  sac, 
ciliated  externally,  with  an  opening,  the  future  mouth,  at  one 
end ;  the  cavity  of  the  sac  being  the  primitive  alimentary 
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euuij  and  the  layer  of  large  blastomeres,  the  hypoblast.  Be- 
tween the  two,  a  mesoblastic  layer  appears,  but  the  exact 
maDDer  of  its  origin  is  not  known.  On  one  face  of  the  sac- 
cular embryo  the  mesoblast  becomes  divided  into  a  series  of 
quadrate  masses,  like  the  protovertebrse  of  a  vertebrate  cm- 
bnro,  disposed  symmetrically  on  each  side  of  a  median  line, 
which  corresponds  with  the  future  ventral  median  line  of  the 
body.  Along  this  line,  the  epiblast  becomes  thickened  in- 
ward, and  the  thickening  is  converted  into  the  ganglionic 
chain.  At  the  same  time,  each  quadrate  mass  of  the  meso- 
blast is  excavated  by  the  development  of  a  cavity  in  its  in- 
terior, whereby  it  becomes  converted  into  a  sort  of  sac.  The 
adjacent  anterior  and  posterior  walls  of  successive  sues  unite, 
and  give  rise  to  the  mesenteric  septa,  while  their  cavities 
become  the  chambers  of  the  perivisceral  cavity.  The  seg- 
mental organs  commence  as  cellular  outgrowths  from  the 
posterior  face  of  each  septum  thus  formed,  and  only  subse- 
quently become  excavated  and  communicate  with  the  exte- 
rior. 

The  development  of  the  Earthworm,  therefore,  closely  re- 
sembles that  of  the  Sirudinea^  and  more  especially  that  of 
the  Medicinal  Leech,  in  whicli  the  digestive  cavity  of  the 
embryo  would  seem  to  be  formed,  as  in  the  Earthworm,  by  a 
process  which  is,  in  a  sense,  invagination.  It  would  appear 
that  the  first-formed  aperture  is  the  mouth  ;  while  the  anus 
is  a  secondary  perforation;  and  the  segmentation  of  the  body 
commences  in  the  mesoblast. 

In  the  fresh-water  Oligochc^ta^  Euaxes  and  TuMfex,  the 
vitellus  also  becomes  divided  into  large  and  small  blastomeres. 
The  latter  extend  over  the  larger  blastomeres,  and  form  the 
epiblast  (=  ectoderm).  A  mesoblast  (=  mesoderm),  divided 
into  two  broad  loncritudinal  bands,  is  developed,  and  the  oral 
cavity  is  said  to  be  formed  by  invagination  of  the  epiblast 
between  the  anterior  ends  of  the  two  bands  of  the  mesoblast. 
In  this  case,  the  mouth  in  these  genera  is  a  secondary  forma- 
tion. The  innermost  layer  of  large  blastomeres  becomes  the 
hypoblast  (=  endoderm).* 

The  Poltch^eta. — Except  that  the  Polychcpta  are  almost 
invariably  dioecious  and  marine,  while  the  OUgochcBta  are 
monoecious,  and  inhabitants  either  of  land  or  fresh  water,  it 

>  Kowalewskv,  "  Embryologisohe  Studien."  ("  M^moires  de  PAcod^mie  de 
8t  P4tenbourg,''  1S61.) 
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is  hard  to  sny  what  absolute  characters  separate  these  two 
groups.  Tlie  lowest  forms  of  the  Potychaita,  such  us  Capt- 
tella  aud  Pobjophthatmus,  might  be  regarded  as  marine  dioe- 
cious Naidtg.  But,  in  the  higher  Polyehata,  each  segment 
of  the  body  develops  latera.1  processes — tlie  parapodia,  or 
rudimentary  limbs,  which  are  usually  pronded  with  abundant 
strong  set^;  a  distinct  cepbalic  segment,  the  j»r(Cs'omi'u>n, 
appears  in  front  of  and  above  the  mouth,  and  beat's  eyes  and 
tentacles;  while  those  parapodia  which  iiu  in  the  vicinity  of 
the  iDouth  may  be  speclaJly  modified  in  form  and  direction, 
foreshadowing  the  jaws  of  the  Arthropoda.  Ciliated,  some- 
times plumose,  processes  of  the  dorsal  walls  of  more  or  fewer 
of  the  segments  may  perform  the  office  of  external  bronchia / 
and,  occasionally,  the  dorsal  surface  gives  nee  to  flat  shield- 
like  processes,  the  so-called  tlytra. 

The  following  detailed  description  of  a  very  common 
species  of  Polyn&e  will  gi\-e  a  fair  conception  of  a  polycha^ 
tons  Annelid,  in  which  the  highest  degree  of  coniplexity  of 
organization  known  in  the  group  is  attained  : 

Polyftiie  sqiiamata  is  an  elongated  vermiform  animal, 
about  an  inch  long,  the  body  of  which  is  divided  into  a  suc- 
cession of  portions,  for  the  most  part  similar  and  equivalent 
to  one  another,  but  presenting  peculiar  modifications  at  the 
anterior  and  postcnor  extremities.  Each  such  portion  is 
properly  termed  a  somite ;  while  the  term  "segment"  may 
be  retained  to  indicate  generally  a  portion  of  the  body,  with- 
out implying  its  precise  eqtavalencv  to  one  somite  or  to 
many.  Thus,  then,  the  body  of  the  Polytiiie  is  composed  of 
a  series  of  twenty-six  "  somites,"  terminated  anteriorly  by  a 
"segment,"  the  prfstlomivtn  ("Kopf-lsppen,"  G rube),  and 
posteriorly  by  another,  the  pyffidiutrt,  which  may  or  may  not 
represent  single  somites. 

If  one  of  ihe  somites  from  the  middle  of  the  body  {FJg. 
51,  C,  D)  be  examined  separately,  it  will  be  found  to  be 
transversely  elongated,  so  as  to  be  about  three  times  as  broad 
as  it  is  long,  and  to  be  slightly  convex  above  and  below, 
presenting  a  deep,  median,  longitudinal  groove  inferiorly, 
Laterally  the  somite  is  produced  into  two  thick  processes, 
the  "parapodia." 

Each  parapodium  divides  at  its  extremity  into  two  por- 
tions, a  superior  and  an  inferior,  which  may  be  denominated 
respectively  tlie  notopodium  (Fig.  Til,  i)  and  the  neuropodinm 
(i),  the  one  occupying  the  "  niemal  "  or  dorsal,  the  other  the 
"neural"  or  ventral  aspect.     The  latter  is,  in  this  Bpeoitf 
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so  nnu^  the  larger,  that  the  notopodium  appears  like  a  mere 
tabercle  projecting  ^ota  its  upper  Burface.  In  other  Anne- 
lida, however,  and  in  the  joang  state  of  PolynOe,  the  notopo- 
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dium  is  aa  large  as  the  neuropodium.  Both  divisions  of  the 
parapodia  are  armed  with  peculiar  stiff,  hair-like  appendages 
(g),  composed  of  chitin,  and  developed  within  diverticula  of 
the  intcgmcnt,  or  trichophorea,  in  which  their  bases  alwavB 
remain  inclosed,  lliese  can  be  protruded  and  retracted  oy 
muscles  attached  to  their  sacs,  and  they  vary  exceedingly  in 
forq].  Three  distinct  kinds  are  observable  in  PolynRe  alone. 
The  notopodium  and  the  neuropodium  carrj  each  a  single, 
sharp,  style-like  octcu/uni,  the  greater  part  of  the  len^b  of 
which  is  imbedded  in  the  parapodium  and  its  divisions,  whila 
the  point  just  projects  at  about  the  centre  of  the  latter.  The 
nenropodial  is  very  much  longer  than  the  notopodial  acioulum. 


jtH         nU  AXJiTOUT  or  DITERTEBRATED  AmUAIM. 

^SvatnuiT,  tW  notc^Mxliuin  curies  two  transverse  rows  of 
awcw  sWWorsmna  of  «  aimilar  nature,  the  tetcB :  the  proxi- 
wJ  >M  u«  mu«  shorter  than  the  distal,  but  even  the  latter 
tlo  n\>(  attain  a  length  of  more  than  -,>,  of  an  inch  (Fig.  52, 

The  |VMxiiiial  s«t  are  somewhat  knife-like  in  shape  if  viewed 
m  («v>lttt>,  nmsistiiig  of  a  comparetivelj-  short,  straight  "  han- 
tllip."  hr  whioh  ther  are  imbedded  in  their  sacs,  and  of  a  thick, 
(MuiNh'^),  ourvvd  blade,  tapering  to  a  fine  point  at  its  extrem- 
ity. (."K»s«>-8«>ttransve«e  ridges,  finely  serrated  at  theiredges, 
mm)  inoliiiwl  obliquely  to  the  surfece  of  the  blade,  traverse 
its  omn's  anterior  oireumference,  leaving  the  back  free.  The 
«li*t*l  »>l»  ^Fig.  5  j,  G)  have  a  very  similar  struoture,  but  they 
MV  mu<4t  «>livyated  and  very  slender.  The  handle  is  longer; 
•inJ  (ho  Uai)«,  little  ourred  and  simply  set  on  an  angle  with 


the  handle,  is  produced  at  the  end  into  a  long  and  delicate 
filament    The  base  of  the  blade  (.EJis  beset  with  incomplete 
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ridgeBf  like  thoee  of  the  short  setes,  but  toward  the  middle 
{Fj  these  ridges  appear  to  encircle  the  blade  completely,  as- 
suming the  aspect  of  so  many  closely-imbricated  concentric 
scales,  before  finally  becoming  obsolete  upon  the  extremity 
of  the  seta. 

The  neuropodial  aciculum  needs  no  special  notice,  except 
that  the  extremity  of  its  trichophore  projects  as  a  sort  of 
papilla,  less  obvious  in  full-grown  specimens,  which  divides 
the  neuropodium  into  an  upper  and  a  lower  portion,  the  for- 
mer containing  about  half  as  many  setae  as  the  latter.  The 
apertures  of  the  trichophores  are  placed  between  lobe-like 
prolongations  of  the  neuropodium,  to  which  the  special  term 
of  labia  (Grube)  may  be  applied.  In  this  species  they  pre- 
sent no  remarkable  peculiarity  beyond  their  inequality. 

The  neuropodial  setae  (Fig.  52,  C,  2>),  although  at  first 
sight  very  different  from  the  notopodial  setae,  are,  in  truth, 
constructed  on  essentially  the  same  plan,  the  blade  being 
short,  while  the  handle  is  proportionally  elongated.  The 
blade  is  subcylindrical  at  its  base,  pointed  and  slightly  curved. 
Eight  or  nine  transverse  ridges  extend  around  about  two-thirds 
of  the  circumference  of  its  proximal  half;  the  basal  ridges 
are  narrow,  and  merely  serrated,  but  toward  the  apex  the 
ridges  become  deeper,  and  the  serrations  pass  into  strong 
teeth  ;  at  the  same  time,  one  side  of  the  ridge  is  elongated 
into^  strong  point. 

Attached  to  the  under  surface  of  the  parapodium  by  a 
somewhat  enlarged  base,  with  w^hich  it  is  articulated,  is  a 
smooth,  conical,  very  flexible  filament — the  neuropodial  cir- 
ruB  (Fig.  51,  c')  ;  it  hardly  reaches  to  the  end  of  the  neuro- 
podium. Again,  springing  from  the  neural  surface  of  the 
somite,  close  to  the  parapodium,  there  is  a  small  pyriform 
tubercle  (A),  divided  by  longitudinal  grooves  into  about  eight 
segments.  ITiis  is  possibly  connected  with  the  reproductive 
function. 

The  appendage  of  the  notopodium,  or  rather  of  the  noto- 
podial side  of  the  parapodium  and  somite,  varies  according 
to  the  particular  somite  which  may  be  examined.  In  some 
somites  this  appendage  is  a  cirrus  (Fig.  51,  Dy  c)  similar  to 
the  neuropodial  cirrus,  but  much  larger,  equaling  the  semi- 
diameter  of  the  body  in  length,  and  presenting  an  enlarged 
pigmented  bulb  of  attachment  to  which  the  filament  of  the 
cirrus,  which  is  cylindrical  for  about  two-thirds  of  its  length, 
and  then  becomes  enlarged  and  suddenly  tapers  to  its  extrem- 
ity, is  articulated. 
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Ill  the  other  somites  tlio  notopodinl  appendage  is  a  large, 
thin,  oval  plate — the  elytron  (Fig,  51,  V,  c).  It  is  attached 
by  a  thick  ptdunole,  and  has  its  long  axis  directed  obliquely 
outward  and  backward.  The  surface  of  the  elytron  (Fig.  fi3, 
A)  is  covered  with  an  ornameatation  of  larger  or  Btnaller 
tubercular  prominences,  granulated  and  ridged  upon  their 
surface.  A  part  of  the  inner  and  anterior  edge  of  each  ely- 
tron overlaps  or  is  overlapped  by  its  fellows  for  a  certain  ex- 
tent of  its  cirou inference,  wbich  is  so  far  smooth,  but  in  the 
rest  of  its  extent  it  is  fringed  with  coarse  brownisli  filaments 
orjimbriw,  which  arise  from  the  upper  surface  just  within  the 
edge,  and  are  obviously  outgrowths  of  the  same  order  as  the 
tubercles. 

Suoh  is  the  structure  of  one  of  the  middle  somites  of 
JPolynOe  squamala.  The  anterior  and  posterior  somites,  with 
the  esceptioa  of  tlie  first  and  second,  present  only  minor  dif- 
ferences, as  in  the  proportion  of  tho  setie,  or  in  the  figure  of 
the  elytra.  The  first  somite,  which  contains  the  mouth,  is  the 
peristomium  ("Mund-Scgment  "  of  Grube).  The  parapodia 
of  this  somite  are  narrow  acid  elongated  (Fig,  63,  .3,  C,  m) ; 
they  are  obsi^urety  divided  at  their  extremity  into  a  rudimen- 
tary neuropodium  and  notopodium,  and  give  attachment  to  a 
pair  of  large  periatomial  cirri  [c'  c)  ("  cirrhes  tentaculaires," 
Audoiun  and  Milne-Mwards ;  "  Fiihler-cirren,"  Grube),  of 
the  same  structure  as  the  notopodial  cirri,  which  stretch  for- 
ward by  the  sides  of  the  mouth. 

The  apox  of  a  single  small  acieulum  issues  rather  above 
the  point  of  division  of  tho  peristomial  parapodium,  and  two 
minute  curved  selffi  accompany  it.  These  have  been  generally 
overlooked  ; '  but  they  seem  to  demonstrate,  in  a  very  inter- 
esting manner,  the  nature  of  the  appendages  of  the  peristo- 
mial  segment. 

The  second  somite  differs  from  the  rest  only  in  the  great 
elongation  of  its  neuropodial  cirrus,  which  is  directed  forward 
and  applied  against  tlie  mouth. 

The  peristomium  and  the  pnestomium  together  are  ordi- 
narily confounded  under  the  common  term  of  "  head."  The 
latter  (Fig.  63,  B,  C,  I)  is  an  oval  segment  flattened  superior- 
ly, placed  altogether  in  front  of  and  above  the  mouth,  pre- 
senting on  its  post ero -lateral  edges  four  dark  spots,  the  eyes, 
and  possessing  five  cirriform  appendages,  two  pairs  and  A 

'  Al  least,  in  the  deflcriptian«  of  the  nilull  IhlynHt.  Tliay  t.n  p>rllcul«rtj 
mentioned,  bovevar,  hy  Max  MQllcr  in  his  VBtiUble  pnpor, ''  Ceber  dia  Ent- 
wickelung  luiil  UiitiunoTi>lioBe  dsr  PulfDoen."    {mUtr"t  Archiv,  1S41.) 
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^  .    Tb.%  latter  (a),  OT  the  prcB^omial  tentacle 

("antenne  mSdiuie,"  Uilne-Edwarda),  is  similar  in  structure 
to  an  ordinary-  oirrua  Of  the  other  appendages,  the  upper 
one  upon  each  side  (supcro-lateral  pnestomiaT  cirrus,  "  an- 
tenne  mitoyenm  ")  also  resembles  an  ordinary  cirrus  {b) ;  but 
tbe  lower  (infiero-lateral  prtestomial  cirrus,  "antenne  ex- 
tome  ")  (b')  is  much  larger,  and  is  capable  of  extreme  elon- 


£.  ADiarlor  eilni 

of  Bnl  eljtnin ;  I,  pnHtoi 
riaw  of  •nurior  eitramitT, 


nraa  iboTP:   a.  przutomLiI  tantscle ;  \  ■gperlor  ind  ft* 

itirmii  ■  <!  ^.  noiopodlil  »ad  DBanpodUl  cirri ;  (.  pednncle 
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gation  and  contraction,'  while  the  ordinary  cirri  are  merely 
flexible.  Although  at  first  sight  probable,  yet  it  would  ap- 
pear, from  Max  MuUer's  account  of  the  development  of  Poly- 
nde^  that  these  two  appendages  do  not,  liko  the  two  peristo- 
mial  cirri  which  they  essentially  resemble,  correspond  with 
tbe  notopodial  and  neuropodial  cirri  of  a  single  parapodium, 
inasmuch  as  they  arise  from  perfectly  distinct  portions  of  the 
pnestomium.  It  is  very  possible  that  each  represents  the 
appendage  of  a  somite,  and  io  this  case  tbe  prsestomium 
would  be  composed  of  at  least  two  somites.  Whether  the 
pRCstomial  tentacle  indicates  another,  or  whether  it  is  merely 
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an  appendage  of  such  a  nature  as  the  labrum  or  the  rostmm 
of  a  Crustacean,  there  is  no  evidence  at  present  to  show. 

It  is  highly  interesting  to  remark  that  thus,  in  the  Poly- 
ndty  as  in  the  Arihropoda^  the  **head  "  results  from  the  modi- 
fication of  a  number  of  somites,  some  of  which  lie  in  front  of, 
and  others  behind,  the  mouth.  The  movements  and  evident 
extreme  sensitiveness  of  the  inferior  praestoraial  cirri  during 
life  indicate  that  they  perform  the  functions,  as  well  as  occupy 
the  position,  of  antennae. 

The  hindermost  segment  of  the  body,  or  pygidiutn  (Fig. 
51,  By  Fig.  53,  A)y  is  narrow,  and  divided  at  the  end  into  two 
supports  ^r  the  pygidial  (d)  cirri  which  are  as  long  as  the 
three  last  somites,  and  resemble  the  notopodial  cirri  in  form 
and  structure.  They  extend  directly  backvrard,  almost  paral- 
lel with  one  anoiker,  and  with  the  notopodial  cirri  of  the  last 
somite,  which  are  tlurown  backward  and  downward  (Fig.  53, 
Ay  c\  It  seems  probable  that  the  pygidium  represents  only 
a  single  somite. 

The  anus  is  not  terminal,  as  in  many  Annelids,  but  is 
•eatod  in  the  middle  of  a  strongly-raised  papilla  (Fig.  53, 
As  xV  which  projects  from  the  dorsal  surface  of  the  penulti- 
nuilo  somite ;  its  sides  are  produced  into  about  fourteen  folds. 
The  two  last  elytra  have  their  edges  excavated,  so  as  to  leave 
a  jir**x^  ov<>r  the  anus  (Fig.  51,  Ayf). 

tlie  iu>K>|H^ial  cirri  and  the  elytra  do  not  coexist  upon 
lihc  ^auK"  »^Hnites ;  and  the  order  of  arrangement  of  the  ely- 
iHiT^v^^^  ami  oirrig«n>us  somites  is  very  curious.    The  1st  or 

IvrisfxMiual  ^^mite  is  cerrigerous,  and  so  are  the  3d,  6th,  8th, 
lOth,  l^lh,  Uth,  16th.  ISth,  :*Oth,  ^:id,  *24th,  25th,  and  26th  ; 
whilo  tho  :?d,  4lh^  5th,  Tth,  ihh,  11th,  13th,  15th,  ITth,  19th, 
1)Uk  and  ^^1«  $>kMnit<«  bear  elytra,  making  twelve  pairs  in  all. 
\\\  uo  |v^hvh«*tKHis  Anneli«l  is  ihe  structure  of  a  somite 
moiv  \\xiwi\lrV  than  m  fX^^Ar ;  and  there  are  but  very  few 

>Mru  us>t  IvHuul  in  /\«(jr^(V  to  be  met  with  in  other  Annelida. 

^ho  o.-^ivf\d  !it\hly  of  thb  j^^^eoies  therefore,  furnishes  us  with 
\tk\\  aUmwxi  \\xiu|x)oio  iKHiH^uclalure  for  the  external  organs  of 
tho  \\hol«^  pAHU^;  aiKl  it  will  bo  found  that  the  other  forms 
of  .|H*4r*4\M  d5uW  uvMuly  iu  the  grt^ater  or  less  development 
Vk\\\\  iMvHhfhviitivMi  \x(  the  \>r^n$  which  have  just  been  de- 
*\MilvNl,  A  la«>^^  ivx^vvrlixw  i\f  the  l^iychata  are  like  Poly- 
H\k\  fwe  auvl  aolivt^K  Ksv4\H^tiv^*  auinuil^ss  which  rarely  fabri- 
^^to  tubular  iMilatalUm^  ainl  arx^  ihen^fore  termed  £rrantia; 
lhi\Y  |HV!iiH)9ka  1^  |\vw<atv^^ium«  xutuaUy  ^^vided  with  eyes  and 
f&^eiai  aud  kaYi>  luai^Y  |>afa|«iHlia^  which  are  not  confined  to 


\ 
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tbe  anterior  region  of  the  body.  Thcj  very  generally  have  a 
proboscis,  provided  with  chitinous  teeth. 

The  sin^Ur  genus,  TomopteriSf  is  a  transparent  pelagic 
Annelid,  with  numerous  parapodia,  each  terminated  by  two 
lobes  representing  the  neuropodium  and  notopodium,  but 
with  setiBy  two  of  which  are  very  long,  only  in  the  cephalic 
region. 

The  sedentary  Annelids  {Tttbieola)  fabricate  tubes,  either 
by  gluinff  together  particles  of  sand  and  shells,  or  by  secret- 
ing a  chitinous  or  calcified  shelly  substance,  in  which  they 
remain  (c.  g.,  JPlroiulay  Fig.  54).  The  prsestomium  is  small  or 
wanting ;  none  have  a  proboscis  ;  there  are  no  cirri ;  and  the 
parapodia  are  short  or  rudimentary.  The  braDchise  arc  devel- 
oped only  on  the  anterior  somites,  and  the  latter  arc  often 
markedly  different  from  those  which  constitute  the  posterior 
part  of  the  body. 

In  some  {JSerpuiidoB)  a  tentacle  is  enlarged  and  its  end 
secretes  a  shelly  plate  which  serves  as  an  operculum,  and 
shuts  down  over  the  mouth  of  the  calcareous  tube  inhabited 
by  the  animal,  when  it  is  retracted.  The  dilated  end  of  the 
opercular  tentacle  sometimes  serves  as  a  chamber  in  which 
the  younff  undergo  their  development  (species  of  Spirorbis), 

The  alimentary  canal  of  the  polychsetous  Annelida  rarely 
presents  any  marked  distinction  between  stomach  and  intes- 
tine, and  is  almost  always  of  the  same  length  as  the  body,  ex- 
tending, without  folds  or  convolutions,  from  its  anterior  to 
its  posterior  extremity ;  but  in  JSiphonostomum  ( Chlorcpma)^ 
Pectinaria  and  others,  it  is  more  or  less  convoluted.  It  is 
attached  by  membranous  bands,  or  more  complete  mesenteries, 
to  the  walls  of  each  somite,  and  very  commonly  presents  a  dila- 
tation between  every  pair  of  mesenteries.  In  most  Polychcpta^ 
the  intestine  acquires  in  this  way  merely  a  moniliform  appear- 
ance, but  in  Polynoe^  Ajyhroilite^  Sigalion^  and  their  allies, 
long  caeca  are  given  off  upon  each  side  of  the  alimentary 
canal,  and,  sometimes  becoming  more  or  less  convoluted,  ter- 
minate at  the  upper  part  of  each  segment  (Fig.  61,  D)  close 
beneath,  or  in  the  branchicc,  where  such  organs  exist. 

The  anterior  portion  of  the  alimentary  canal  is,  in  a  great 
number  of  the  Polychceta^  in  fact  in  all  the  typical  £Jrrantia^ 
so  modified  as  to  constitute  a  distinct  muscular  pharynx,  the 
anterior  portion  of  the  wall  of  which  can  be  everted  like  the 
finger  of  a  glove,  from  the  aperture  of  the  mouth,  and  the 
posterior  portion  protruded,  so  as  to  form  a  proboscis.  In 
Polynde  aquatnata^  the  proboscis  is  one-fourth  as  long  as  the 
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«  nvfufa  111  conne  of  pcoliforalloD  ;  i,  the  bnncbln  of  Itae  iMU. 

body,  and  its  walla  are  very  thick  and  muscular.  At  its  an- 
terior extremity  it  is  surrounded  with  a  circle  of  small  papil- 
Im,  immedialely  behind  whic?h  are  four  strong,  pointed  and 
curved  homy  teeth,  implanted  in  the  muscular  wall  (Fig.  fi" 
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£\*  Elaoh  tooth  has  a  little  projection  upon  its  convex  edge, 
which  ia  connected  by  a  short  strong  ligament  with  the  cor- 
xespooding  projection  of  another  tooth  ;  and  the  one  pair  of 
teeth,  thus  connected,  works  vertically  against  the  opposite 

Cir.  In  Nereis^  there  are  two  powerful  teeth  which  work 
rizontally,  besides  minute  accessory  denticles.  In  Syllis^ 
the  chitinous  lining  of  the  pharynx  is  produced  into  a  circle 
of  sharp  teeth  anteriorly,  and  there  is,  in  addition,  a  much 
stronger  triangular  median  tooth.  In  Glycera^  wliich  pos- 
sesses a  pair  of  teeth,  the  extremity  of  the  protruded  pro- 
boscis is  covered  with  very  remarkable  papillae.  The  most 
complex  arrangement  of  teeth,  however,  is  that  presented  by 
the  JEkmicidcB,  In  JSkinice^  there  are  altogether  nine  distinct 
pieces :  two  large,  flat,  more  or  less  calcified  portions  united 
together  below,  and  three  cutting  and  tearing  teeth  on  the 
right  side  working  against  four  on  the  left.  As  has  has  been 
already  stated,  the  tubicolar  Annelids  possess  neither  probos- 
cis nor  teeth. 

No  special  hepatic  gland  appears  to  exist  in  the  Annelida^ 
unless  the  intestinal  cseca  perform  that  function,  and  the 
secretion  of  the  bile  is  doubtless  effected  by  the  glandular 
tract,  which  extends  for  a  greater  or  less  distance  in  the  walls 
of  the  alimentary  canal.  A  pair  of  glandular  cseca,  the  func- 
tion of  which  is  not  known,  is  appended  to  the  base  of  the 
proboscis  in  Nereis, 

The  general  cavity  of  the  body,  or  perivisceral  cavity, 
which  is  included  between  the  parictes  of  the  alimentary 
canal  and  those  of  the  body,  is  filled  with  a  fluid  which  con- 
tains corpuscles,  which  are  usually,  as  in  the  Invertebrata  in 
^neral,  colorless.  They  are  red,  however,  in  Glyceray  and 
m  a  species  of  Apneumea  (De  Quatrefages).  The  parapodia, 
the  cirri,  the  branchiae,  and  all  the  other  important  appendages 
of  the  Polychceta^  contain  a  cavity  continuous  with  the  i)eri- 
visceral  cavity,  and  are  therefore  equally  filled  with  the  blood. 
The  circulation  of  this  fluid  is  effected  partly  by  the  contrac- 
tion of  the  body  and  its  appendages,  partly  by  the  vibratile 
cilia,  with  which  a  greater  or  less  extent  of  the  walls  of  the 
perivisceral  cavity  is  covered. 

In  a  great  number  of  the  Polychceta  no  part  of  the  body 
is  specially  adapted  to  perform  the  function  of  respiration, 
the  aeration  of  the  blood  probably  taking  place  wherever 
the  integument  is  sufijcientfy  thin ;  and,  even  when  distinct 
branchiae  ordinarily  exist,  members  of  the  same  family  may 
be  deprived  of  them.    In  Polynde  equamata^  ciliated  spots 
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which  appear  to  represent  branchiaey  may  be  discovered  on 
the  dorsal  side  of  the  bases  of  the  parapodia,  at  any  rate,  in 
young  specimens.  In  some  species  of  Jrolt/nde  the  parapodia 
give  rise,  at  corresponding  ]K>ints,  to  large,  richly  ciliated, 
malleiform  tubercles,  in  which  the  caeca  of  the  alimentary 
canal  terminate.  In  8igcdion^  a  filiform,  ciliated  branchia 
depends  from  the  upper  part  of  the  somite,  beneath  the  ely- 
tron ;  and,  besides  this,  curious  little  ciliated  palettes  are 
arranged  upon  the  dorsal  surface  of  the  parapodia,  and  upon 
the  sides  of  the  anterior  somites.  But  the  best-developed 
branchiae  among  these  Annelids  are  possessed  by  the  Amphi- 
nomidcBy  and  the  Eunicidm  among  the  ErratUia ;  the  7ferc- 
bellidcB^  and  the  SerpuUdoB  among  the  Tubicola.  In  the 
three  former  families  the  branchiae  are  ciliated  branched 
plumes,  or  tufts,  attached  to  the  dorsal  surface  of  more  or 
fewer  of  the  somites.  In  the  last  (Fig.  54)  they  are  exclu- 
sively attached  to  the  anterior  segment  of  the  body,  and 
present  the  form  of  two  large  plumes,  each  consisting  of  a 
principal  stem,  with  many  lateral  branches.  The  stem  is 
supported  by  a  kind  of  internal  skeleton,  of  cartilaginous 
consistence,  which  sends  off  processes  into  the  lateral  branches, 

I  have  been  unable  to  find  any  pseud-haemal  vessels  in 
PolynOe  squamata^  and,  as  Claparedo  *  could  discover  none  in 
the  transparent  P,  lunulata^  it  is  safe  to  assume  their  non- 
existence. Claparede,  in  fact,  denies  them  to  the  whole  of 
the  AphroditidcB. 

When  it  is  present,  the  pseud-haemal  svstem  varies  very 
much  in  the  arrangement  of  its  great  trunks  ;  but  they  com- 
monly consist  of  one  or  two  principal  longitudinal  dorsal  and 
ventral  vessels,  which  are  connected  in  each  somite  by  trans- 
verse branches.  Where  branchiae  exist,  loops  or  processes  of 
one  or  other  of  the  great  trunks  enter  them.  The  dorsal  and 
the  ventral  trunks  are  usually  rhythmically  contractile,  and 
contractile  dilatations  at  the  bases  of  the  branchife  (Eunice), 
m  portions  of  the  lateral  trunks  (Arenicola),  or  in  those 
which  supply  the  proboscis  (Eunice,  Nereis),  have  received 
the  name  of  "  hearts."  The  direction  of  the  contractions  is 
usually  such  that  the  blood  is  propelled  from  behind  forward 
m  the  dorsal  vessel,  and  in  the  opposite  direction  in  the  ven- 
tral vessel ;  but  the  course  which  it  pursues  in  the  lateral 
trunks  is  probably  very  irregular.  In  CMorcema,  in  which 
even  the  smallest  ramifications  of  the  vessels  are  contractile,  I 

»  "Ann^lides  Ch^topodes  du  Golfb  de  Naples,»»  1868,  p.  65. 
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have  observed  csecal  branches  depending  into  the  perivisceral 
cavity  in  which  the  contained  fluid  underwent  merely  an  alter- 
nate flux  and  reflux.  Ramified  cseca  of  a  similar  kind  appear 
to  exist  in  the  oligochsetous  genera,  Euaxes  and  IJumbriculua. 
The  principal  trunks  give  off  a  great  number  of  branches, 
which  ramify  very  minutely  in  some  Annelids  (Eunice)  and 
may  give  rise  to  retia  mirabilia  {Nereis)  ;  but  in  many  (e.  g., 
I^otiUa)  there  are  hardly  any  branches  and  no  minute  capil- 
lary ramifications. 

In  many  Polychceta  no  segmental  organs  have  yet  been 
discovered,  and  in  others  they  appear  to  be  represented  by 
mere  openings  in  the  parietes  of  the  body.  I  have  observed 
short  ciliated  canals  opening  externally  upon  the  ventral  sur- 
face at  the  bases  of  the  parapodia  in  IPhyUodoce  viridis,  and 
there  are  indications  of  the  existence  of  similar  organs  in 
Syllis  vittata.  True  segmental  organs  have,  however,  been 
found  by  Ehlers  and  Claparede  in  many  Polychceta.  In  some 
cases  their  walls  are  thick  and  glandular,  and  they  probably 
have  a  renal  function.  In  addition,  they  frequently  play  the 
part  of  oviducts  and  sperraiducts.  Whether  the  ciliated  canal 
extending  along  the  ventral  surface  of  the  intestine,  which  I 
have  described  in  Protula^  is  a  structure  of  the  same  order  or 
not,  I  am  not  prepared  to  say. 

The  nervous  system  of  the  Polychceta  usually  consists  of 
a  chain  of  ganglia — one  pair  for  each  somite — connected 
together  by  longitudinal  and  transverse  commissural  bands, 
which  diverge  between  the  cerebral  ganglia  and  the  succeed- 
ing pair,  to  allow  of  the  passage  of  the  oesophagus.  The  most 
important  differences  presented  by  the  nervous  systems  of  the 
Polychceta  result  from  thevaryinio:  leng^th  of  the  transverse 
commissures.  In  Vermilia^  Serpula^  Sahella^  these  commis- 
sures are  very  long,  so  that  two  distinct  and  distant  series  of 
ganglia  appear  to  run  through  the  body,  while,  in  Nepthys^ 
the  two  series  of  ganglia  are  fused  into  a  single  cord  enlarged 
at  intervals.  Every  transitional  condition  between  these  is 
observable  in  Terebella,  Aonia^  Glycera^  PhyUodoce^  and 
Aphrodite,  In  most  Polychceta  a  very  extensive  series  of 
visceral  nerves  supplies  the  alimentary  canal. 

The  recognizable  organs  of  sense  in  the  Annelida  are  eyes 
and  auditory  vesicles.  The  former  are  usually  very  simple, 
consisting  of  an  expansion  of  the  extremity  of  the  optic  nerve, 
imbedded  in  pigment,  and  provided  occasionally,  but  not  in- 
invariably,  with  transparent  spheroids  or  cones.  Alciope  and 
Thrrea  have  very  well-developed  and  large  eyes.    The  eyes 
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are  usually  confined  to  the  anterior  extremit  j  of  the  bodj,  and 
to  the  prsestomium  where  it  exists ;  but,  in  the  remarkable 
genus  Polf/ophlluUmuSy  De  Quatrefages  discovered,  besides 


Pig.  56.— ii,  anterior  end  of  the  nenrons  sTstem  of  Poiynde  tquamaia  (after  Dc  Qna- 
trellftges) :  a,  cerebral  sanglla ;  d,  oeaophageal  commiBsnrea ;  c,  longitudinal  com- 
mlsBarea  of  the  ventral  ganglia. 

Bf  anterior  end  of  the  nerroas  sjstem  of  SabeUa  JUibellaia  (after  De  Qoatrefagee) :  a, 
cerebral  ganglia ;  b.  esopbageal  commissures  ;  e,  longitudinal  commissures  of  the 
rentral  gangua.  Tnose  of  opposite  sides  are  onited  bj  long  transverse  commis- 
saret. 

the  ordinary  cephalic  eyes,  a  double  series  of  additional  visual 
organs,  one  pair  being  allotted  to  each  somite.  In  JBran- 
chiomtna^  eyes  are  situated  at.  the  ends  of  the  branchial 
plumes.  Ehrenberg  has  described  two  caudal  eyes  in  Amphi- 
cora^  and  De  Quatrefages  has  shown  that  similarly  placed 
eyes  exist  in  three  other  species  oi  Polychmta^  two  of  which 
are  closely  allied  to  Amphicora,  while  the  other  is  an  errant 
form,  related  to  Lumhrimreis,  These  curious  worms  are  said 
to  swim  about  with  the  caudal  extremity  forward. 

Auditory  sacs,  containing  many  otoliths,  have  been  ob- 
served upon  each  side  of  the  oesophageal  ring  in  Arenicolay 
and  similar  organs  have  been  noticed  in  other  Tvhicola  ;  but 
hitherto  their  existence  has  not  been  certainly  determined  in 
the  jF/rrantia, 

The  genitalia  of  the  polychajtous  Annelida  are  excessively 
simple  in  their  structure ;  indeed,  special  reproductive  organs 
can  hardly  be  said  to  exist  in  mos^  the  generative  products 
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being  merely  developed  from  some  part  of  the  walls  of  the 
periyiflceral  cavity,  in  which  they  eventually  freely  float,  mak- 
ing their  way  out  in  a  manner  which  is  not  quite  understood 
at  present ;  probably,  however,  through  temporary  or  perma- 
nent apertures  at  the  bases  of  the  parapodia.  In  many,  the 
segmental  organs  appear  to  serve  as  excretory  ducts.  As  a 
mfe,  the  polychdBtous  Annelids  are  dioecious ;  but  some  (e.  g., 
I^rotukif  Fig.  54)  are  hermaphrodite.  The  ova  undergo  their 
development  within  the  body  of  the  parent  in  some  species 
of  Eunice  /  in  pouches  attached  to  the  body  in  JSxogone  ;  in 
masses  of  gelatinous  matter  which  adhere  to  the  tubes  of  the 
vermidom  in  Protula ;  beneath  the  elytra  in  Polynde  cir- 
rata  /  in  the  cavity  of  the  opercular  tentacle  in  some  Spit' 
orbes  ;  while,  in  other  cases,  they  appear  to  become,  almost 
immediately,  free  ciliated  embryos. 

The  vitellus  undergoes  division,  and  is  converted,  as  in 
the  case  of  the  OligochcBta  and  Mirudineay  into  blastomeres 
of  two  kinds.  This  contrast  between  the  two  components  of 
the  embryo  commences  with  the  division  of  the  vitellus  into 
two,  inasmuch  as  the  first  6ssure  is  usually  so  directed  as  to 
divide  the  yelk  into  unequal  portions.  Both  subdivide,  but 
the  smaller  much  faster  than  the  larger  ;  so  that  the  former 
becomes  converted  into  very  small  blastomeres,  which  grad- 
ually envelop  the  larger  blastomeres  resulting  from  the  sub- 
division of  the  latter.  The  larger  included  blastomeres  are 
destined  to  form  the  alimentary  tract ;  the  smaller  peripheral 
ones,  on  the  other  hand,  give  rise  to  the  ectoderm,  and  to  the 
nervous  ganglia.'  As  in  the  OligochoBta  and  Sirudinea^ 
again,  the  mesoblast  forms  a  thick  band  on  each  side  of  the 
median  ventral  line,  and  its  transverse  division  originates  the 
segmentation  of  the  body.  But,  generally,  the  development 
of  the  protosomiteSy  as  these  segments  might  be  called,  does 
not  occur  until  some  time  after  the  embryo  has  been  hatched. 
The  somites  increase  in  number  by  the  addition  of  new  ones 
between  the  last  and  the  penultimate  somite. 

The  embryos  of  the  PolycJuBta  differ  from  those  of  the  OH" 
gochoBta  and  Hirudinea  in  being  ciliated.  In  some  cases,  the 
cilia  form  a  broad  zone  which  encircles  the  body,  leaving  at 
each  end  an  area,  which  is  either  devoid  of  cilia,  or,  as  is  fre- 
quently the  case,  has  a  tuft  of  long  cilia  at  the  cephalic  end. 
Such  larvae  are  termed  Atrocha. 

In  other  embryos  the  cilia  are  arranged  in  one  or  more 

1  Clapar^de  and  metschnikoff,  **  Beitrage  zur  KonntnlBa  der  Entwiokelungs- 
gesohiohte  der  Chaetopoden,*'  1868. 
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narrow  bands,  which  surround  the  body.  A  very  common 
arrangement  is  one  in  which  a  band  of  cilia  encircles  the  body 
immediately  in  front  of  the  mouth,  the  region  in  front  of  the 
band  bearing  eyes,  and  becoming  the  prsestomium  of  the  adult 
(e.  g.,  Polynde),  In  such  embryos,  there  is  very  commonly  a 
second  band  of  cilia  around  the  anal  end  of  the  embryo,  and 
a  tuft  of  cilia  is  attached  to  the  centre  of  the  prasstomium. 
These  larvse  are  called  Telotrocha.  In  other  cases,  one  or 
many  bands  of  cilia  surround  the  middle  of  the  body,  between 
the  mouth  and  the  hinder  extremity.     These  are  Mesotrocha, 

In  the  telotrochous  larva  of  Phyllodoce^  a  shield-shaped, 
mantle-like  elevation  of  the  integument  covers  the  dorsal 
region  of  the  body  behind  the  prse-oral  ciliated  ring.  In  the 
larvae  of  the  Serpulidm  a  process  of  the  integument  grows 
out  behind  the  mouth,  and  surrounds  the  anterior  part  of  the 
body  of  the  larva  like  a  turned-back  collar.  It  persists,  as  a 
kind  of  hood,  in  the  adult. 

Some  larvae  are  provided  with  setae  of  a  different  charac- 
ter from  those  which  are  possessed  by  the  adult,  and  which 
are  cast  off  as  development  advances. 

Many  Polychoeta  multiply  by  a  process  of  zo5id  develop- 
ment, which,  in  some  cases,  appears  to  be  a  combination  of 
fission  with  gemmation ;  in  others,  to  approach  very  nearly 
to  pure  fission  or  pure  gemmation.  The  result  is,  not  infre- 
quently, the  formation  of  long  chains  of  connected  zo(5ids. 

The  method  of  multiplication  which  De  Quatrefages  ob- 
served in  Syllis  prollferay  is  nearly  simple  fission,  the  animal 
dividing  near  its  middle,  and  the  posterior  division  acquiring 
a  new  head. 

In  Myrianida^  Milne-Edwards  has  described  the  occur- 
rence of  a  sort  of  continuous  budding  between  the  ultimate 
and  penultimate  segments,  in  which  region  new  segments  are 
formed  until  the  zo5id  has  attained  its  full  length. 

Frey  and  Leuckart  and  Krohn  have  shown  that  Autolytua 
prolifer  multiplies  in  a  somewhat  similar  manner;  but,  in- 
stead of  each  new  zoOid  being  formed  at  the  expense  of  an 
entire  somite,  it  is  developed  from  only  a  portion  of  one. 
Finally,  I  found  in  Prohila  Dysteri  that,  when  the  Protula 
had  attained  a  certain  length,  all  the  somites  behind  the  six- 
teenth became  eventually  separated  as  a  new  zooid  ;  but  the 
development  of  the  latter  is  not  mere  fission,  inasmuch  as  one 
of  the  earliest  steps  in  the  process  is  the  enlargement  of  the 
seventeenth  somite,  and  its  conversion  into  the  head  and 
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thorax  of  the  bud  (Fig.  54,  JBV  Sars  has  described  a  similar 
mode  of  multiplication  in  his  Filograna  impleouiy  a  very  close- 
Ij  allied  form. 

In  SyUU  and  in  FtotuUiy  the  producing  and  the  produced 
zo(>ids  alike  develop  generative  products,  but,  in  Atitolf/tuSf 
Krohn  has  shown  that  the  primary  producing  zooid  remains 
sexleds,  the  secondary  produced  zooids  having  a  somewhat 
different  form,  and  alone  giving  rise  to  ova  and  spermatozoa. 

In  some  species  of  the  genus  NereU^  the  worm,  after  the 
development  of  its  genital  organs  has  taken  place,  takes  on 
the  characters  of  wnat  was  formerly  considered  a  distinct 
genus,  Heteronereis ;  and  the  males  and  the  females  of  the 
same  species  of  Nereis  have  even  been  regarded  as  different 
species  of  JSeteronereis^ 

The  series  of  forms  represented  by  the  TurheUaria^  the 
Jlirudinea,  the  Oligochceta,  and  the  Polychceta^  illustrates 
the  manner  in  which  a  type  of  organization,  which,  in  its 
simplest  condition,  exhibits  but  little  advance  upon  a  mere 
Grastrula,  passes  into  one  in  which  the  body  is  divided  into 
many  segments,  each  provided  with  a  pair  of  appendages  or 
rudimentary  limbs. 

The  segmentation,  or  serial  repetition  of  homologous 
somites,  extends  to  the  nervous  system,  and,  more  or  less,  to 
the  vascular  and  reproductive  organs,  in  the  higher  forms  of 
these  "  Annulose  "  animals ;  from  which  a  further  extension 
of  the  same  process  of  segmentation,  with  a  fuller  develop- 
ment of  the  appendages  and  a  more  complete  appropriation 
of  some  of  them  to  manducatory  purposes,  leads  us  to  the 
Arthropoda, 

The  Gephyrea. — These  are  marine  vermiform  animals 
without  distinct  external  segmentation  or  parapodial  apj)end- 
ages.  The  ectoderm  has  a  chitinous  cuticle,  and  is  often 
provided  with  tubercles,  hooks,  or  seta?,  of  chit  in  {JEchiurvs^ 
Sternaspia),  No  calcareous  skeleton  is  found  in  any  of  the 
Gephyrea,  The  integument  frequently  contains  numerous 
simple  glands,  the  apertures  of  which  perforate  the  cuticle. 
In  one  genus  (Sternaspis)^  two  shield-shaped  plates,  fringed 
^vith  setae,  are  developed  upon  the  hinder  part  of  the  ventral 
surface  of  the  body.  There  are  external  circular  and  internal 
longitudinal  muscular  fibres  beneath  the  ectoderm.     An  inner 

I  Ehlers, ''  Die  Gattung  IleteronereU:'    C'  GOttingen  Naohriohten,"  18G7.) 
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larer  of  ciicalarlj  disposed  miiscular  fibres  may  be  added. 
Tne  oiml  end  of  the  bodj  maj  have  the  fonn  of  a  retractile 
proboscis  (Priapulwt),  or  be  profided  with  tentacular  append- 
ages. These  maj  be  arranged  in  a  ciicle  round  the  mouth, 
and  short  (SipuMyitUj  Fig.  56,  L,  T),  or  long  (PkonmU)^  or 
there  maj  be  a  single  long,  sometimes  bifurcated  and  ciliated, 
tentacular  appendage  (B<m^ia).  Filamentous  appendages, 
which  are  prwaUj  branchiy,  axe  given  off  at  the  hinder  end 
of  the  bodj  in  SUmaspU  and  Priapuius,  The  endoderm  is 
usoallj  ciliated  throughout.  The  intestine  is  straight  in  most 
genera,  but  is  coiled  and  bent  upon  itself^  so  as  to  terminate 
m  the  middle  of  the  bodj,  in  S^nmculus  (Fig.  56,  I.).  In 
PharonU  the  anus  is  close  to  the  mouth.  The  anal  aperture 
is  alwajs  situated  upon  the  dorsal  aspect  of  the  bodj.  There 
is  a  spacious  perivisceral  cavitj,  undivided  bj  mesenteries, 
which  in  some  cases  {I^riapuiuSj  Sipuncvlus)  opens  extemallj 
bj  a  terminal  pore.  In  JEchiuruSj  Bondlia^  TTiolassema^  a 
pair  of  tubular,  sometimes  branched  organs,  which  are  ciliated 
internallj,  and  communicate  bj  ciliated  apertures  with  the 
perivisceral  cavitj,  open  into  the  rectum.  These  appear  to 
represent  the  water-vessels  of  the  Rotifera  and  the  respira- 
torv  tubes  of  the  Holoihurice. 

A  pseud-hsBmal  sjstem  exists  in  most  {Sipuncidus^  Stemas- 
piSf  Bonellia^  Echiurus^  and  Phoronis)^  and,  when  fullj  devel- 
oped, consists  of  two  longitudinal  trunks— one  dorsal,  or  su- 
pra-intestinal, the  other  ventral,  with  their  terminal  and  lateral 
oommunications.  The  pseud-hsemal  fluid  is  colorless,  or  maj 
have  a  pale  reddish  tinge,  in  most.  In  Phoronis  it  is  said  to 
contain  red  corpuscles.  In  Sipuneultis^  the  cavities  of  the 
tentacles  communicate  with  a  circular  vessel  provided  with 
csecal  appendages  ;  and  this  circular  vessel  is  said  to  open 
into  the  pseud-hasmal  vessels. 

The  nervous  system  presents  a  collar,  which  surrounds  the 
oesophagus,  and  from  which  a  simple  or  ganglionated  cord 
proceeds  backward  in  the  ventral  median  line,  giving  off  lat- 
eral branches.  The  ventral  cord  contains  a  central  canal,  and 
the  collar  usuallj  presents  a  cerebral  ganglionic  enlargement. 
Rudimentarj  eyes  are  sometimes  connected  with  the  cerebral 
ganglion. 

The  sexes  are  distinct,  and  the  reproductive  elements  are 
developed  either  from  the  parietes  of  the  perivisceral  cavitj 
or  in  simple  caecal  glands.  In  Sipuneulus^  the  ova  and  sper- 
matozoa float  freelj  in  the  perivisceral  cavitj. 

The  acti vel  J  locomotive  embrjo  of  Sipunculua  (Fig.  56,  IL) 
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i  bjr  a  circular  band  of  cilia  placed  immediately 
behind  the  mouth  (  W,  W),  and  resembles  a  Rotifer  or  a  raeso- 
trochal  Aonelidan  larra.    As  development  advances  it  loses 
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this  apparatus,  and  passes  gradually  into  the  adult  form.  In 
Phoronis,  the  embryo  is  also  mesotrochal,  but  it  has  two 
ciliated  bands,  one  circular,  round  the  anus,  and  the  other  inc 
mediately  behind  the  mouth.  The  post-oral  band  of  cilia  is 
produced  into  numerous  tentaculiform  lobes,  and  fringes  the 
free  edge  of  a  broad  concave  lobe  of  the  dorsal  side  of  the 
body,  which  arches  over  the  mouth.     In  this  state  the  embryo 

1  "  Zoologiacho  Beilrige,"  18S1. 
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CHAPTER  VL 

IHB    ABTHBOPODA. 

The  segmentation  of  the  body,  that  is,  its  division  into 
a  series  of  somites,  each  provided  with  a  pair  of  lateral  ap- 
pendages, which  is  so  characteristic  a  feature  of  the  higher 
Annelids,  is  exhibited  in  a  still  more  marked  degree  by  the 
Arthropoda,  In  these  animals,  moreover,  the  appendages, 
themselves  are  usually  divided  into  segments,  while  one  or 
more  pairs  of  the  appendages  in  the  neighborhood  of  the 
mouth  are  modified  in  form  and  position  to  subserve  man- 
duoation.  Segmental  organs,  at  least  in  their  Annelidan 
form,  are  wanting  in  the  Arthropoda,  and  neither  in  the  em- 
bryonic nor  the  adult  condition  do  they  ever  possess  cilia. 

The  process  of  yelk-division  may  be  complete  or  incom- 
plete, but  no  known  Arthropod  ovum  gives  rise  to  a  vesicular 
morula,  nor  is  the  alimentary  cavity  ordinarily  formed  by  in- 
vagination.' The  precise  mode  of  origin  of  the  mesoblast 
has  yet  to  be  worked  out,  but  the  perivisceral  cavity  appears 
always  to  be  developed  by  its  splitting.  In  other  words,  it  is 
a  achizocoele. 

As  with  Annelids,  the  segmentation  of  the  body  results 
from  the  subdivision  of  the  mesoblast  by  transverse  constric- 
tions into  protosomitea  ;  and  there  is  every  reason  to  believe 
that  the  ^anglionated  nervous  chain  arises  from  an  involution 
of  the  epiblast. 

The  neural  face  of  the  embryo  is  fashioned  first,  and  its 
anterior  end  terminates  in  two  rounded  expansions — the  pro- 
cephalic  lobes — which  are  converted  into  the  sides  and  front 
of  the  head.     The  appendages  are  developed  as  paired  out- 

» The  recent  observations  of  Bobretzkj  on  the  development  of  Oniicu$  and 
AHaeus  (Hofmann  and  Schwalbe,  **  Jahresberichte,"  Bd.  ii.,  1875),  however* 
tend  to  snow  that  the  hypoblast  arises  by  a  sort  of  modified  invagination  of 
the  primitive  blastoderm.  And  in  other  Arthropoda  there  are  indications  of  a 
fdmiiar  process. 
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growths  from  the  neural  aspect  of  each  somite,  and,  whatever 
their  ultimate  form,  they  are,  at  first,  simple  bud-like  pro- 
cesses. Very  generally,  a  broad  median  prolongation  of  the 
sternum  of  tlie  somite  which  lies  in  front  of  the  mouth  gives 
rise  to  a  labrum  /  while  a  corresponding,  but  often  bifid  me- 
dian elevation,  behind  the  mouth,  becomes'  a  metaatoma. 

In  many  Arthropods,  the  hasmal  or  tergal  face  of  the  body 
grows  out  into  lateral  processes,  which  may  either  be  fixedf, 
or  more  or  less  movable.  The  lateral  prolongations  of  the 
carapace  in  the  Crustacea  and  the  wings  of  Jnsecta  are 
structures  of  this  order. 

In  a  number  of  Insects  belonging  to  different  orders  of 
the  class,  an  amnionic  investment  is  developed  from  the 
extra-neural  part  of  the  blastoderm  by  a  method  similar  to 
that  which  gives  rise  to  the  amnion  in  the  higher  Yertebrata. 

In  all  the  higher  Arthropods,  a  certain  number  of  the 
somites  which  constitute  the  anterior  end  of  the  body  coa- 
lesce and  form  a  head^  distinct  from  the  rest  of  the  body  ; 
and  the  appendages  belonging  to  these  confluent  somites  un- 
dergo remarkable  modifications,  whereby  they  are  converted 
into  organs  of  the  higher  senses  and  into  jaws.  In  many 
cases,  tno  somites  of  the  middle  and  posterior  parts  of  the 
body  become  similarly  difierentiated  into  groups  of  poly- 
somitio  segments,  which  then  receive  the  name  of  thorax  and 
abdomen.  The  somites  entering  into  each  of  these  groups 
may  remain  distinct  or  may  coalesce.  The  tergal  expansions 
of  the  somites  of  the  head,  or  of  both  head  and  thorax,  may 
take  the  shape  of  a  broad  shield,  or  carapace.  This  may  con- 
stitute a  continuous  whole  (e.  g.,  Apus^  Astacus)  ;  or  its  two 
lialvos  may  be  movablv  connected  by  a  median  hinge,  like  a 
bivalve  shell  ( Cypris^  Limnadia)  ;  or,  finally,  the  tergal  pro- 
oosses  of  each  side  may  remain  distinct  from  one  another  and 
freely  movable  on  their  respective  somites  (wings  of  In- 
sects). 

Limbs,  or  appendages  capable  of  effecting  locomotion,  are 
always  attached  either  to  the  head  or  to  the  thorax,*  or  to 
both.  They  may  be  present  or  absent  in  the  abdominal  re- 
gion. In  adult  Arachnida  and  Insecta^  there  are  no  abdomi- 
nal limbs,  unless  the  accessory  organs  of  generation,  the  stings 
of  some  insects,  and  the  peculiar  appendages  of  the  abdomen 
in  the  Thysanura  and  Collembola^  be  such. 

The  alimentary  apparatus  presents  very  wide  diversities 

>  The  extinct  THlobUet  possibly  forai  an  exception  to  this  role. 
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in  form  and  Btructure,  and  in  the  number  and  natiu^  of  its 
glands.  The  anus,  which  is  very  rarely  absent,  is  situated  in 
the  hindermost  somite. 

In  like  manner,  the  blood-vascular  system  varies  from  a 
mere  perivisceral  cavity  without  any  heart  (  Ostracoda^  Cirri- 
pedia)  up  to  a  complete,  usually  many-chambered  heart  with 
well-developed  arterial  vessels.  The  venous  channels,  how- 
ever, always  have  the  nature  of  more  or  less  definite  lacunae. 
The  blood-corpuscles  are  colorless,  nucleated  cells. 

.    Special  respiratory  organs  may  be  absent,  or  they  may 
take  one  of  the  following  forms : 

1.  SranchicB.  Externally  projecting  processes  of  the 
body  or  limbs,  supplied  with  venous  blood,  which  is  thus 
brought  into  contact  with  the  air  dissolved  in  water. 

2.  Trachece.  Tubes  which  traverse  the  body  and  gen- 
erally open  upon  its  exterior  by  apertures  termed  atigmatay 
and  thus  bring  air  into  contact  with  the  blood  and  the  tissues 
generally.  Saccular  reservoirs  of  air  are  often  formed  by 
dilatations  of  these  tubes. 

The  so-called  Tracheo-hrajichioe  of  some  aquatic  Insect 
larvsB  are  usually  laterally  projecting  processes  of  more  or 
fewer  of  the  thoracic  or  abdominal  somites,  containing  abun- 
dant tracheae,  which  communicate  with  those  which  traverse 
the  body  {Mphemeridce^  Perlaridoe),  They  are  in  no  sense 
branchiae,  but  simply  take  the  place  of  stigmata.  The  ex- 
change of  constituents  between  the  air  contained  in  the 
trachese  of  these  animals  and  that  of  the  surrounding,  medium 
is  effected  indirectly,  by  diffusion  through  the  walls  of  the 
tracheo-branchiae,  instead  of  directly,  through  the  stigmata, 
.as  in  other  cases. 

In  the  aquatic  larvae  of  many  Dragon-flies  (Zibellvlidce)^ 
the  function  of  the  tracheo-branchiae  is  performed  by  folds  of 
the  lining  membrane  of  the  rectum,  which  contain  abundant 
tracheae.  Water  is  drawn  into,  and  expelled  from,  the  cavity 
of  the  rectum  by  rhythmical  contractions  of  its  walls,  so  as 
to  secure  the  exchange  of  gaseous  constituents  between  the 
air  which  it  contains  and  that  which  fills  the  tracheae. 

3.  Pulmonary  sacs.  These  are  met  with  only  in  some 
Arachnida.  They  are  involutions  of  the  integument,  the 
walls  of  which  are  folded  in  such  a  maimer  as  to  expose  a 
large  surface  to  the  air,  which  is  alternately  taken  into,  and 
expelled  from,  their  apertures.  The  blood  is  brought  to  these 
sacs  by  venous  channels. 

The  exact  mode  by  which  the  separation  of  the  nitro- 
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genous  products  of  the  waste  of  tbe  tissues  from  the  Uood 
is  effected  in  Arthropods  requires  further  elucidation.  In 
many,  however,  such  products,  notably  uric  acid,  have  been 
found  to  abound  in  the  corpus  adiposum — a  cellular  mass 
which  lies  in  the  walls  of,  and  more  or  less  fills,  the  peri- 
visceral cavity — and  in  the  Malpighian  glands.  In  the  latter 
case,  they  are  conveyed  out  of  the  body  by  the  intestine. 

The  nervous  system  consists  primitively  of  a  pair  of  gan- 
glia for  each  somite,  but  the  number  of  ganglia  discoverable 
in  the  adult  depends  on  the  extent  to  which  these  primitive 
ganglia  coalesce.  There  is  usuall}^,  if  not  always,  a  well- 
developed  system  of  ganglionated  visceral  nerves,  connected 
with  the  cerebral  ganglia  and  distributed  to  the  gullet  and 
stomach. 

Eyes  are  usually  present ;  and,  when  they  exist,  they  are 
almost  always  situated  in  the  head  and  are  connected  with 
the  cerebral  ganglia.  Among  the  Crustacea^  however,  £kh 
phausia  has  eyes  in  some  of  the  thoracic  limbs,  and  in  some 
abdominal  somites.  The  eyes  may  be  simple  or  compound. 
In  the  latter  case  there  are,  in  correspondence  with  the  num- 
ber of  parts  into  which  the  transparent  corneal  continuation 
of  the  chitinous  cuticula  over  the  eye  is  divided,  a  number 
of  elongated  bodies  which  lie  between  the  outer  surface  of 
the  ganglionic  expansion  of  the  optic  nerve  and  the  inner 
face  of  the  cornea.  These  bodies  consist  of  two  parts :  an 
external  transparent  crystaUine  cone  and  an  internal  pris- 
matte  rod.  The  broad  end  of  the  cone  is  external,  and  is  ap- 
plied to  the  inner  surface  of  the  corneal  facet;  its  narrow 
end  is  continuous  with  the  outer  extremity  of  the  prismatic 
rod,  which,  by  its  inner  end,  is  connected  with  the  ultimate 
ramifications  of  the  optic  nerve.  Each  of  these  crystalline 
cones  and  prismatic  rods  is  separated  from  the  rest  by  a  pig- 
mented sheath.* 

Distinct  auditory  organs  have  been  observed  in  Crus- 
taceans and  Insects.  They  are  not  exclusively  confined  to 
the  head.  In  the  opossum  shrimp  {Mi/sis)^  for  example,  they 
are  placed  in  the  appendages  of  the  last  somite  of  the  ab- 
domen. And,  in  Insects,  the  only  organs  to  which  the  audi- 
tory function  can  be  certainly  assigned  are  situated  in  the 
thorax  or  in  the  legs. 

>  Levdig:,  "  Das  Au^o  der  Gliederthiere,'*  1864.  Schuize,  "  Untersuch- 
ungen,'^  1868.  Mr.  E.  T.  Newton  has  given  a  very  good  account  of  the  struct- 
ure of  the  eye  of  the  lobster,  accompanied  by  full  references  to  the  literature 
of  the  subject,  in  the  Quarterly  Journal  of  Mtcroaeopical  Science  for  1875. 
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There  is  some  reason  to  think  that  the  antennae  of  Insects 
are  the  seat  of  the  olfactory  function,  but  no  certain  infor- 
mation of  this  head  has  been  obtained.  The  very  fine  setse 
to  the  bases  of  which  nerves  can  be  traced,  which  abound  on 
the  antennary  organs  of  Insecta  and  Crustacea^  but  are  found 
in  other  regions  of  the  body,  are  probably  partly  tactile  and 
partly  auditory  organs. 

As  a  general  rule,  all  the  muscles  of  the  Arthropoda^  even 
those  of  the  alimentary  canal,  are  striated.  Those  of  the 
body  and  limbs  are  often  attached  by  chitinized  tendons  to 
the  parts  which  they  have  to  move.  As  the  hard  skeleton  is 
hollow  and  the  muscles  are  inside  it,  it  follows  that  the  body, 
or  a  limb,  is  bent  toward  that  side  of  its  axis  which  is  oppo- 
site to  that  on  which  a  contracting  muscle  is  situated. 

Sounds  are  produced  by  many  Insects ;  but  in  most  cases 
they  cannot  be  properly  referred  to  a  voice,  in  the  sense  in 
which  that  term  is  applied  to  the  sounds  produced  in  the 
higher  animals,  by  the  vibrations  of  the  atmosphere  arising 
from  the  impact  of  a  current  of  air  upon  the  free  edges  of 
membranes  bounding  the  aperture  of  exit  of  the  current. 
The  chirping  and  humming  of  Insects  often  arise  from  the 
friction  of  their  hard  parts  against  one  another,  or  from  the 
rapid  vibration  of  their  wings  :  in  some  instances,  however, 
recent  investigations  render  it  probable  that  they  are  pro- 
duced by  the  action  of  expiratory  currents  on  tense  mem- 
branes which  bound  the  stigmata. 

Agamogenesis  is  very  common  among  some  groups  of  the 
Arthropoday  such  as  the  Crustacea  and  the  Insecta^  but  has 
not  yet  been  observed  in  the  Myriapoda  or  the  Arachnida, 
It  may  be  effected  in  one  of  two  ways : 

1.  Either  individuals  which  are,  by  their  structure,  inca- 
pable of  being  impregnated  and  are  therefore  physiologically 
sexless,  though  it  may  happen  that  they  more  or  less  approxi- 
mate females  morphologically,  give  rise  to  offspring  ( Cecido- 
myta  larvae,  Aphis) ; 

2.  Or  individuals  which  are  capable  of  being  impregnated, 
and  are  thus  both  morphologically  and  physiologically  true 
females,  give  rise  to  eggs  which  develop  without  impreg- 
nation. •  (The  queen-bee,  so  far  as  the  production  of  drones  is 
concerned  ;  many  Ijepidoptera). 

The  cases  of  Aptis,  Daphnia^  and  Cypris^  would  belong 
to  the  latter  category,  if  it  were  certain  that  the  very  same 
females  which,  for  a  certain  period,  produce  young  ag^mo- 
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genetically,  at  another  time  undergo  fecundation.  Multqdi- 
cation  by  fission  or  external  gemmation  is  not  known  to  take 
place  in  any  Arthropod.  Hermaphrodism  occurs  a^  a  role  in 
some  few  Arthropods  (e.  g.,  the  Cirripedia  and  Tardiffrada)y 
and  as  an  abnormal  ^' sport"  in  sundry  Crustacea  and  in 
many  Insecta, 

In  absolute  number  of  species,  the  Arthropoda  £ar  ex- 
ceed all  the  rest  of  the  animal  kingdom  put  together.  Thus 
Gcnitaecker,*  while  allowing  50,000  species  for  the  latter, 
estimates  the  number  of  species  of  Arthropoda  as  rather 
above  than  below  200,000 ;  by  far  the  larger  proportion  of 
these,  probably  more  than  150,000,  being  Insects. 

Tlic  Arthropoda  are  commonly  divided  into  the  CruBtacea^ 
the  Araehnida,  the  Myriapoda^  and  the  Insecta;  and  though 
it  is  impracticable  to  give  a  definition  which  shall  absolutdy 
separate  the  first  two  groups,  it  is  perhaps  not  worth  while 
to  disturb  an  arrangement  which  has  much  practical  con- 
venience. But,  for  purely  morphological  purposes,  it  may  be 
instructive  to  regard  them  from  another  point  of  view. 

The  Arthropoda  may,  in  fact,  be  divided  into  two  series. 
One  of  these  consists  almost  wholly  of  air-breathing  forms, 
which,  if  they  possess  special  respiratory  organs,  have  either 
pulmonary  sacs  or  tracheae,  or  both  combined  ;  while  the 
other  includes  a  corresponding  predominance  of  water-breath- 
ing aTiimals,  which,  if  they  possess  respiratory  organs,  have 
branchiae.  The  latter  series  contains  the  Crustacea;  the 
formc-r  comprises  the  Arachnida,  Myriapoda^  and  Insecta^ 

In  the  course  of  the  development  of  the  higher  Arihro- 
poda^  there  is  a  stage  in  which  the  body  begins  to  be  seg- 
mented, but  the  appendages  are  not  developed.  This  is 
followed  by  a  stage  in  which  appendages  make  their  appear- 
ance, but  the  antennary  and  manducatory  appendages  [gna- 
thites)  are  like  the  other  limbs:  and,  finally,  there  is  a  stage 
in  which  the  gnathites  are  completely  converted  into  jaws. 
Now,  among  the  water-breathing  Arthropoda^  no  trace  of 
limbs  has  yet  been  certainly  discovered  among  the  JVilo- 
bita ;  in  the  Merostomata  (Eurypterida  and  Xiphosura) 
the  gnathites  are  completely  pediform ;  while,  in  the  JEnto- 
mostraca  and  Malacostraca,  more  or  fewer  of  the  gnathites 
are  so  modified  as  to  subserve  manducation  and  no  other 
function. 

&  Bronu^A  **  Klassen  und  Ordnimgen  dea  Thieneiohs,''  toL  t.,  p.  27S.  1S68. 
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In  the  air-breathing  series  no  completely  apodal  forms  are 
known.  The  Tardigrada  and  the  Pentaatomida  appear  to 
have  no  jaws  ;  but  the  presence  of  oral  stilets  in  the  former, 
and  the  position  of  the  hooks  which  represent  the  limbs  in 
the  latter,  throw  some  doubt  upon  this  poin^. 

In  the  Arachnida  and  the  PeripcUidea  the  gnathites  are 
completely  pediform.  But  in  the  Myriapoda,  and  still  more 
in  the  Insecta^  the  gnathites  lose  the  character  of  legs,  and 
are  completely  converted  into  manducatory  organs.  Thus 
we  arrive  at  the  following  arrangement  of  the  Arthropoda  : 

Abthsopoda. 

/.  Without  Gnathites. 
Tbilobita.  Tabdigbada  (?)  Pentabtomida  (?) 

//.   With  Pediform  Gnathites, 
Mkbostoxata.      Abaohnida.  Pbbipatidea. 

///.  With  Maxilliform  Gnathites, 

Entomostbaoa.  Mtbiapoda. 

Malaoostbaoa.  Inseota. 


Water-breathers.  Air-breathers. 

» , ' 

For  the  most  part 

Of  the  four  great  groups,  the  Crustacea  are  tliose  which 
present  the  greatest  and  the  most  instructive  variations  upon 
the  fundamental  type  of  structure;  while  the  modiBcations 
of  the  Insecta^  Arachnida^  and  Myriapoda^  are  less  exten- 
sive, and  may  be  regarded  as  of  secondary  morphological  im- 
portance^  The  Crustacea  will,  therefore,  be  treated  of  at 
some  length,  while  the  other  groups  will  be  passed  over  more 
lightly. 

THE  CBTXSTACEA. 

The  Tbilobita. — These  ancient  Arthropods,  which  have 
been  extinct  since  the  latter  part  of  the  Palaeozoic  epoch,  oc- 
cur in  the  fossil  state  in  great  numbers,  and  in  conditions 
very  favorable  for  their  preservation  ;  but,  up  to  this  time,  no 
certain  indications  of  the  existence  of  appendages,  nor  even 
of  any  hard,  sternal  body-wall,  have  been  discovered,  though 
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a  shield-shaped  labrum,  which  lies  in  front  of  the  month,  has 
been  preserved  in  some  specimens.  The  body  consists  of  a 
cephalic  shield  (Fig.  57,  ^)  ;  of  a  variable  number  of  mov- 
ablj-articolated  thoracic  somites  (Fig.  57,  ^  ;  and  of  a  jpy- 
gidium^  compose^}  of  a  variable  number  of  the  somites  whidi 
succeed  the  thorax,  united  together  (Fig.  57,  C). 

Each  thoracic  somite  presents  a  median  portion,  convex 
from  side  to  side,  termed  the  axis  or  tergum^  and  two  flat- 
tened lateral  portions,  the  pleura.  The  former  overlap  one 
another  largely  when  the  body  is  extended,  the  latter  when 
it  is  flexed,  and  the  freedom  of  motion  permitted  by  this  ar- 
rangement is  so  great  that  many  Trilobites  were  able  to  roll 
themselves  up  like  wood-lice,  and  are  found  fossilized  in  that 
condition.  At  the  lateral  edge  of  each  pleuron,  the  cuticular 
substance  of  which  it  is  composed  folds  inward,  and  can  be 
traced  on  the  ventral  or  sternal  side  for  some  distance.  But 
in  the  middle  of  the  ventral  region  no  indication  of  a  sternum 
is  discoverable.  It  may,  therefore,  be  concluded  that  the 
sternal  region  of  the  somite  was  of  a  soft  and  perishable  na- 
ture ;  and  that  the  thoracic  somite  of  a  Trilobite  resembled 
one  of  the  abdominal  somites  of  a  crab  in  this  and  in  some 
other  respects. 

The  glabellum  (Fig.  57,  4),  or  central  raised  ridge  of  the 
cephalic  shield,  is  a  continuation  of  the  thoracic  axis^  the  lo- 
cation of  its  sides  perhaps  referring  to  the  number  of  primi- 
tive somites  it  represents.  The  limb^  or  lateral  area  on  either 
side,  answers  to  a  thoracic  jyleuron  ;  its  thickened  margin 
(Fig,  57,  1)  is  produced  into  two  longer  or  shorter  posterior 
angles  (//)  ;  inferiorly,  the  marginal  band  is  reflected  inward 
for  a  short  distance,  as  the  subfrontal  fold^  the  remaining 
sternal  area  being  incomplete.  A  median  movable  plate 
answers  to  the  labrum  of  Apus  and  Limulus.  On  the  occip- 
ital or  lateral  margin  of  the  limb  a  suture  (Fig.  57,  5)  com- 
mences, and,  passing  between  the  eye  and  the  glabellum, 
meets  that  of  the  opposite  side  either  in  front  of  the  latter, 
or  on  the  margin  of  the  limb,  or  on  the  subfrontal  fold,  and 
is  connected  with  the  labral  suture  by  one  or  two  sutures. 
The  limb  is  thus  divided  into  two  parts— one  fixed  {ii^e  fixed 
grna^  Fig.  57,  a),  attached  to  the  glabellum ;  the  other  sep- 
arabh)  (the  movable  gena^  Fig.  57,  6),  on  which  the  eye  is 
placed.  The  eyes  are  absent  in  some  genera.  In  others  they 
occur  as  isolated  ocelli ;  or  in  groups,  their  interspaces  being 
occupied  by  the  common  integument ;  or  they  may  resemble 
the  compound  eyes  of  other  Arthropods. 
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H.  Barrande '  has  succeeded  in  tracing  out  the  develop- 
ent  of  eome  species  of  Trilobites.    He  finds  that  the  smui- 


— «..„„,  „,.„«_„<(  (>Rer  Pklet).— J,  twid  ;  l.mligln*Ibuid  ;  t,m>r- 

gtiul  gtDon,  InMrnal  to  Ibe  band  ;  3,  occlplul  Kgai«nt ;  4,  RlkbsllDDi  {  6,  gttat 
■Diare  ;  fi.  sih  ;  a.  fixed  i(«iu  ;  A.  aepsrablft  k«u  ;  p,  nnal  iDela ;  £,  tbonm  ;  T, 
aila  or  tergmm ;  6.  pIcnroD ;  O,  pyRidlnm ;  9,  tergal ;  10,  pttiui]  portlcsa  or  tbi 
p7EldlDm. 

est,  and  therefore  the  youngest,  forms  are  discoidal  bodies, 
without  any  clear  evidence  of  segmentation.  The  division 
into  Botnites  takes  place  by  degrees,  the  number  increasing 
up  to  the  aduit  condition.  It  is  possible  that  etill  younger 
conditions  may  have  escaped  fossilization,  but  the  analof^ 
of  Limultu  suggests  that  these  small  diseoidat  forms  really 
represent  the  condition  in  which  the  Trilobite  left  the  egg. 

The  Meeostomata.' — The  only  existing  representative  of 
this  division  of  the  Cruttacea  is  the  genus  Jjimuliu  (the  King 
Crabs  or  Horseshoe  Crabs),  the  various  species  of  which  are 

' "  Svttimt  Bilurieo  du  eantre  de  Bohitne,"  tcme !.    Trilobitei.     1S53, 
■  If.  Woodward,  "  A  HDQojtnph  of  Um  Bndch  Fo«^  CmaUoea  beloiitlnj> 
to  (be  Order  HerMtomMa,"  ISW. 


found  in  America  and  in  the  Moluocas.  They  are  tismll^ 
classed  us  a  distinct  order  of  the  Crustacea,  termed  JCipAo- 
gura  or  I\ecilopoda. 

The  body  of  Zimulus  (Fig.  5S)  is  naturally  divided  into 
three  parta,  which  are  movably  articulated  together.  The 
most  anterior  ia  a  shield-shaped  portion,  curiously  similar  in 
form  to  the  head  of  a  Trilobite.  Its  convex  dorsal  surface  is 
similarly  divided  into  a  median  and  two  lateral  regions;  its 
edges  are  thickened,  and  its  posterior  and  external  angles  are 
produced  backward.     At  the  anterior  end  of  the  median  re- 

f^ion  two  simple  eyes  are  situated,  and  at  its  sides  are  two 
arge  compound  eyes.  The  sterna!  surface  presents,  ante- 
riorly, a  flattened  aubfrontal  area,  behind  which  it  is  deeply 
excavated,  so  that  the  labruni  and  the  appendages  are  hidden 
in  a  deep  cavity  formed  by  its  shelving  walls.  The  middle 
division  of  the  body  of  Limtilug  exhibits  markings  which  in- 
dicate that  it  is  composed  of,  at  fewest,  six  coalesced  somites; 
its  margins  are  spinose,  and  its  excavated  sternal  face  lodges 
the  appeudagcs  of  this  re^on. 
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llie  mouth  is  placed  in  the  centre  of  the  sternal  surface  of 
the  anterior  division  ;  the  anus  opens  on  the  same  surface,  at 
the  junction  between  the  middle  division  and  the  telson.  A 
movable,  escutcheon-shaped  iabrum  projects  backward  in  the 
middle  line,  immediately  behind  the  subfrontal  area  {d)  ;  and 
on  each  side  of  it  is  a  three-jointed  appendage,  the  second  joint 
of  which  is  prolonged  in  such  a  manner  as  to  form  with  the 
third  a  pincer  or  chela.  The  attachment  of  this  appendage  is 
completely  in  front  of  the  Iabrum,  which  separates  it  from  the 
mouth. 

In  each  of  the  next  Hve  pairs  of  appendages,  the  basal 
joint  is  enlarged  ;  and,  in  the  anterior  four,  its  inner  edge  is 
beset  with  numerous  movable  spines.  The  attachment  of  the 
basal  joint  of  the  foremost  of  these  appendages  (the  second 
of  the  whole  series)  is  in  front  of  the  mouth  ;  but  its  pro- 
longed, spinose,  posterior  and  internal  angle  may  be  made  to 
project  a  little  into  the  oral  cavity.  The  basal  joints  of  the 
following  three  appendages  are  articulated  at  the  sides  of  the 
mouth,  and  the  inner  angle  of  each  is  provided  with  a  spinose 
process  which  projects  into  the  oral  cavity.  The  second, 
third,  fourth,  and  £f  th  appendages  in  the  females  are  chelate ; 
in  the  males  of  most  species  the  second,  and  sometimes  the 
third,  are  not  chelate.  The  large  basal  joint  of  the  sixth  ap- 
pendage is  almost  devoid  of  spines,  and  bears  a  curved,  spat- 
ulate  process,  which  is  directed  backward  between  the  ante- 
rior and  middle  divisions  of  the  body.  The  fifth  joint  of  this 
limb  carries  four  oval  lamellsB.  The  appendages  which  form 
the  seventh  pair,  very  unlike  the  rest,  are  short,  stout,  and 
single-jointed. 

The  eighth  pair  of  appendages,  again,  are  of  a  totally  dif- 
ferent character  from  those  which  precede  them.  They  are 
united  in  the  middle  line  into  a  single  broad  plate,  which 
forms  a  sort  of  cover,  or  operculum^  over  the  succeeding  ap- 
pendages, when  the  animal  is  viewed  from  the  sternal  side. 
On  the  dorsal  face  of  this  plate  are  seated  the  two  apertures 
of  the  reproductive  organs. 

From  the  inner  face  of  the  anterior,  or  sternal,  wall  of 
each  half  of  the  operculum  a  strong  process  arises,  and  passes 
upward  to  be  attached  to  a  corresponding  process  of  the  ter- 
gal wall  of  the  anterior  division  of  the  body.  By  far  the 
greater  part  of  the  large  levator  muscle  of  the  appendage 
arises  from  the  tergal  wall  of  the  anterior  division  of  the 
body,  and  the  nerve  which  supplies  the  limb  is  derived  direct- 
ly from  the  posterior  part  of  the  multiganglionate  cord  which 
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sarroands  the  gullet  and  supplies  the  a(^>eiidage8  which  lie 
ID  front  of  the  operculom. 

The  five  pairs  of  appendages  whi<^  remain  resemble  the 
operculom  in  their  general  form,  and  have  ascending  process- 
eSy  which  are  connected  with  inward  [prolongations  of  the  ter- 
gal wall  of  the  middle  division  of  the  bodv.  Their  nerves  are 
derived  from  the  ganglia  which  lie  in  this  region  of  the  body. 

Thus  there  are  altogether  thirteen  pairs  of  appendages, 
eight  of  which  are  connected  with  the  anterior,  and  five  with 
the  middle  division  of  the  bodv  ;  and  the  appendages  in  the 
region  of  the  mouth  are  essentially  ordinary  limbs,  the  basal 
joints  of  some  of  which  are  so  modified  as  to  subserve  man- 
docation. 

The  determination  of  the  homologies  of  the  parts  hither- 
to spoken  of  as  the  anterior  and  middle  divisions  of  the  body, 
and  of  their  appendages,  is  a  matter  of  some  difficulty  ;  but, 
on  comparing  the  disposition  of  the  limbs  and  their  nervous 
supply  with  what  obtains  in  the  higher  Crustacea^  it  seems 
hardly  doubtful  that  the  first  pair  of  appendages  answer  to 
the  antennules ;  the  second,  to  the  antenns ;  the  third,  to 
the  mandibles  ;  the  fourth  and  fifth,  to  the  maxillse  ;  and  the 
sixth,  seventh,  and  eighth,  to  the  maxillipedes  of  Astacus  or 
Somarua  ;  and,  in  this  case,  the  anterior  division  is  a  ceph- 
alo-thorax.  If  the  position  of  the  genital  openings  marks 
the  hinder  boundary  of  the  thorax,  the  middle  division  of  the 
body  represents  an  abdomen,  composed  of  ^\^  somites.  But, 
on  the  other  hand,  it  maj  be  that  the  genital  organs  open  in 
front  of  the  hinder  extremity  of  the  thorax,  as  in  female 
Podophthalmia^  and  that  the  five  somites  which  form  the 
middle  division  correspond  with  the  remaining  five  somites 
of  the  thorax  of  a  Podophthalmian.  In  this  case,  the  region 
which  corresponds  with  the  abdomen  in  the  higher  crusta- 
ceans is  undeveloped. 

The  alimentary  canal  of  XimiUys  is  very  peculiarly  ar- 
ranged. The  gullet  passes  directly  forward  and  upward, 
and  gradually  widens  into  the  stomach,  the  walls  of  which 
are  provided  with  many  longitudinal  folds.  The  p3'loru8  is 
prolonged  into  a  narrow  tube  which  projects  into  the  intes- 
tine. The  two  biliary  ducts  on  each  side  are  far  apart,  and 
branch  out  into  minute  tubules,  which  form  a  mass  occupying 
the  greater  part  of  the  cavity  of  the  body.  The  rectum,  a 
slender  canal  with  plaited  walls,  and  very  short,  opens  into  a 
sort  of  cloaca  situated  between  the  telson  and  the  sternal  wall 
of  the  abdomen. 
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The  heart,  in  JLimulua  polyphemtu^  is  an  elongated  mus- 
cular tube,  divided  into  eight  chambers,  and  having  as  manv 
pairs  of  lateral  valvular  apertures.  It  lies  in  a  large  peri- 
cardial sinus,  which,  in  its  abdominal  portion,  presents  on 
each  side  five  apertures,  the  terminations  of  the  branchial 
veins.  The  branchiae  consist  of  numerous  delicate  semicir- 
cular lamelke,  attached  transversely  to  the  posterior  faces  of 
the  five  post-opercular  appendages,  and  superimposed  upon 
one  another  like  the  leaves  of  a  book. 

The  nervous  system  appears,  at  first  sight,  to  be  very  con- 
centrated, its  principal  substance  being  disposed  in  a  ring, 
embracing  the  oesophagus ;  but,  on  closer  inspection,  it  is 
found  to  consist  of  an  anterior  mass,  representing  the  prin- 
cipal part  of  the  cerebral  ganglia  in  most  other  Crustacea^ 
and  of  two  ganglionic  cords  which  proceed  from  the  outer 
and  posterior  angles  of  that  mass,  and  extend  as  far  as  the 
interval  between  the  last  and  penultimate  pairs  of  append- 
ages. These  cords  are  thick,  and  lie  on  each  side  of  the 
cesophagus,  around  which  they  converge,  so  as  to  come  into 
close  imion  and  almost  confluence,  immediately  behind  it. 
In  front  of  this  point,  however,  they  are  connected  by  three 
or  four  transverse  commissures,  which  curve  round  the  poste- 
rior wall  of  the  oesophagus,  and  become  gradually  shorter 
from  before  backward. 

The  first  of  these  commissures  unites  the  two  cords  oppo- 
site the  origin  of  the  nerves  to  the  third  pair  of  appendages, 
which  I  regard  as  the  homologues  of  the  mandibles.  In  front 
of  this  point,  the  cerebral  ganglia  give  off,  from  their  ante- 
rior edges,  the  nerves  to  the  ocelli,  eyes,  and  frontal  region ; 
and,  from  their  posterior  and  under  surfaces,  those  to  the  an- 
tennules.  The  nerves  to  the  antennae  arise  from  the  cord 
close  to  the  outer  and  posterior  angles  of  the  cerebral  gan- 
glia, and  some  distance  in  front  of  those  to  the  mandibles. 
Close  behind  the  latter  arise  the  large  nerves  to  the  fifth  and 
sixth  cephalo-thoracic  appendages. 

The  nerves  to  the  rudimentary  seventh  pair  of  append- 
ages are  slender,  and  arise  rather  from  the  under  part  of 
the  post-oesophageal  ganglia ;  those  which  supply  the  eighth 
pair  of  appendages,  constituting  the  operculum,  are  also 
slender,  and  seem  to  come  off  from  the  two  longitudinal  com- 
missural cords,  which  connect  the  post-oesophageal  ganglia 
with  those  which  are  situated  in  the  second  division  of  the 
body,  though  they  are,  in  truth,  only  united  in  one  sheath 
with  them  for  a  short  distance,  and  can  be  readily  traced  to 


ilm  pc«Kr<ofin^  ■!  gmogiibL.  iuveinal  to  tiie  neires  of  the 
m^^futk  fuur  <jf  afpenda^es.  Hie  longitiidxiial  oommissaies 
0g€  vtry  km^  and  are  ixkcksod  in  a  ooDCiiiaaxion  of  the  same 
itwiiiffc  ;  tbfrr  paas  bftck  into  tbe  sooomd  divisioii  of  the  body, 
M»4  tJUer^  j;«e«ieDt  four  gangiioinic  ezi}ai;^ementSy  whence  the 
»ipfY4im  *A  th^  poet^opercalar  aiipenda^pes  proceed.  The  last 
4^  tlM^«e  gangua  is  much  laiger  than  the  others,  and  appears 
U^  CQimMfl  kA  aereial  ooofloent  ntasses.  The  nerves  diverge 
ffOfu  it  m  Mjdb  a  manner  as  to  resembJe  a  cauda  equina. 

'n$ii  rtfproductiTe  organs  of  both  sexes  consist  of  a  mass 
id  gtand^jlar  caeca,  which  ramify  through  the  body  amid  the 
tm^miUi  tubules,  and  eventually  open  on  papillje  situated  on 
U$*t  iHrnUsrior  face  of  the  operculum.  The  males  are  much 
smaller  than  the  females,  and  present,  in  many  species,  an 
Asternal  sexual  distinction  in  the  peculiarity  of  their  second 
Mid  third  appendages  already  referred  to. 

'J*li«  young  of  Limulus  acquires  all  its  characteristic 
f«tiiiiiriiM  wliiie  »till  within  the  egg.  The  interesting  obser- 
VaUniiN  (if  A.  Dohrn'  have  shown  that,  in  an  early  stage,  the 
Minliryo  In  provided  with  the  nine  anterior  pairs  of  append- 
HK*(N|  anci  in  marked  out  into  fourteen  somites  by  transverse 

SmoviiH  upon  itH  iitemal  face.  The  body  has  the  form  of  a 
link  niiiiuliMl  dlHk,  divided  into  an  anterior  shield  composed 
of  k\%  MdiiiltnH,  and  a  posterior,  likewise  shield-shaped  region, 
fiil'innil  hy  tlio  union  of  eight  somites.  The  telson  has  not 
Miadit  iU  iippoaranoo.  In  this  condition,  its  resemblance, 
nptiii  frniu  ilu)  lln)hH,  to  such  a  Trilobite  as  Trinucleus  is,  as 
linlMM  pnliiiN  out,  rnoHt  remarkable. 

Tlio  Xiphonura  wore  represented  in  the  Carboniferous 
Kpiioli  ( Hvi/inurmi). 

'I'hn  h\iiynti/^i*iiht  (Fig.  59)  are  extinct  Crustacea  of  Pa- 
liiio'4ulo  (Hlluriaii)  ago,  which  sometimes  attain  a  very  large 
hIxo  and  in  many  rospoots  resemble  Limulus^  while,  in  others. 


vision  of  the  body  is  suooooded  by  a  number  (12  or  more) 
of  free  somites,  and  the  body  is  ended  by  a  broad,  or  narrow 
and  spine-like,  telson.     Five  pairs,  at  most,  of  limbs,  pro- 

>  "  Untersnchunffen  tibor  Bau  und  Entwiokelung:  der  Arthropoden."  {Jena- 
Uehe  ZeiUehri/t^  Bo.  vi.)  See  also  tho  obnervations  of  Lockwood  and  Packard, 
American  Naturalid,  vol.  iv.,  1871,  vol.  vll.,  1878,  and  "  Memoirs  of  the  Boston 
Society  of  Natural  History,"  1872 :  with  the  discussion  of  the  Bystematio  place 
otLimfdut  by  E.  Van  Beneden,  Journal  d$  ZoohgUy  1878. 
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Tided  with  toothed  basal  joints,  are  attached  to  the  sternal 
jnirface  of  the  shield,  and  the  mouth  is  covered,  behind  them 
bj  a  la^e  oval  plate  which  appears  to  represent  a  meta- 
Btoma,  {Fig.  59,  B,  g).  Some  of  the  anterior  limbs  are  fre- 
qaeatly  cheUte  (Flerygotu»)  j  the  terminal  joints  of  the  most 


mipa  oner  Nieukowekl).'- . 
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ercB,  sDd  b.  e.  d,  t,/,  Ibe 
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posterior  pair  are  generally  expanded  and  paddle-like.  The 
integument  often  presents  a  peculiar  sculpture,  simulating 
minute  scales.  The  sternal  surface  of  one  or  more  of  the 
anterior  free  somites  is  occupied  by  a  broad  plate,  with  a 
median  lobe,  and  two  laterally-expanded  side-lobes  (Fig.  69, 

lua  dsD  obeniluriMilien  SohiohUn  d«r  Inwl 
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S,  A),  having  a  remote  resemblance   to   the  operculum 
Zrimulita. 

Tbb  Entouostkaca. — All  the  remaining  Crustacea  have 
completely  Bpecialized  jaws;  and  as  many  as  six  pairs  of 
appendages  may  be  converted  into  gnatliitos. 

In  the  UntoiHOatraca,  if  the  body  possesses  an  abdomen 
(reckoning  as  such  the  somites  which  lie  behind  the  genital 
aperture),  ita  somites  are  devoid  of  appendages.  Moreover, 
the  somites,  counting  that  which  bears  the  eyes  as  the  first, 
are  more  or  fewer  thuo  twenty.  There  are  never  more  than 
three  pairs  of  gnathitcs.  The  embryo  almost  always  leaves 
the  egg  iu  the  condilion  of  a  Navplius ;  that  is,  an  oval 
body,  provided  with  two  or  three  pairs  of  appendages,  which 
become  converted  into  antenaary  organs  and  gnathites  in  the 
adult.  The  division  of  the  Sntomostraca  comprises  the 
Copepoda,  the  ^ijoo,the  Jiranchiopoda,  the  OtCracoda, 
and  the  JPectosCraea. 

The  Copepoda. — In  these  Entomoslraca,  whioli  come 
nearest  to  the  ICurypterida,  the  cephalic  shield,  which  is  dis- 
Goidal  and  not  folded  longitudiDolly,  is  succeeded  by  a  oertain 
number  of  free  thoracic  aud  abdominal  somites.  The  ante  n- 
nules  and  antennte  are  large,  and,  as  in  the  Eurypterida,  are 
organs  of  locomotion  and  sometimes  of  prehension.  The  an- 
terior thoracic  members  are  converted  into  foot-jaws  ;  the 
posterior  serve  aa  paddles,  the  limbs  of  each  pair  being  often 
united  together  in  the  middle  line,  as  in  Liinulua,  The  em- 
bryo leaves  the  egg  as  a  N'auplius. 

The  various  apecioa  of  the  genus  Cyclops,  which  abound 
in  fresh  water,  afford  excellent  illustrations  of  the  structuie  of 
the  Copepoda. 

The  minute  animal  (Fig.  60)  is  shaped  something  like  a 
split  pear,  the  larger  end  corresponding  with  the  head,  and 
the  convex  side  with  the  dorsal  surface.  The  anterior  third 
of  the  body  is  covered  by  a  large  carapace,  which,  at  the  sides, 
extends  downward  as  a  free  fold  over  the  bases  of  the  ap- 
pendages, but  is  hardly  at  all  free  posteriorly.  Anteriorly, 
in  the  middle  line,  it  curves  forward  and  downward,  and  ts 
produced  into  a  short  rostrum,  on  each  side  of  which  a  con- 
siderable excavation  lodges  the  base  of  the  long  antennule, 
by  the  vigorous  oar-like  strokes  of  which  the  animal  darts 
through  the  water.  At  the  anterior  boundary  of  the  head, 
the  double,  black,  median  eye,  which,  unlesB  very  closely  ex* 


milled,  appears  single,  Bhinea  through  the  carapace,  and  at 
the  sides  of  the  latter,  two  coiled  tubes  with  clear  contents, 
the  so-called  aheil-glands,  are  seen. 

Four  distinct  and  movahle  somites  succeed  the  carapace, 
and  gradually  diminish  in  diameter.  The  body  then  suddenly 
enlaces,  and  becomes  divided,  in  the  female,  into  four  seg- 
tnentfl,  the  last  of  which  gives  attachment  to  two  long  setose 
styles,  which  possibly  represent  another  somite.  There  is  a 
well-dereloped  and  prominent  labrum  (or  conjoined  epistoma 
and  labrum)  in  front  of  the  mouth,  and  behind  it  is  a  bilobed 
metastoma.     The  first  pair  of  appendages  are  the  long  and 
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many-jointed  antennuUs,  which  are  the  chief  organs  of  loco- 
motion. These  are  succeeded  by  the  short  and  few-jointed 
antennse.  The  third  pair  of  appendages,  or  first  pair  of  gna- 
thites,  differ  from  the  corresponding  limb  in  Ximt(fu<  in  the  re- 
duction of  the  greater  part  of  the  appendage  to  a  rudiment 
terminated  by  setie,  while  the  strong  basal  part  is  the  princi- 
pal gnathitc  or  mawOble.  The  second  pair  of  gnathites  are 
strong  and  incurved  ;  following  upon  these  is  a  third  pair  of 
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appendages,  each  divided  into  two  portions,  an  inner  and  an 
onter.  The  latter  is  by  far  the  larger,  and  is  so  constructed 
that  the  three  distal  articulations  can  be  bent  back  upon  the 
proximal  ones,  and  opposed  to  the  internal  division,  «consti- 
tuting  a  prehensile  organ,  the  ^  hand ''  of  Jurine.'  Thus  the 
gnathites  of  Cyclops  are  a  pair  of  mandibles  followed  by  two 
pairs  of  maxillae.  At  some  distance  behind  the  third  pair  of 
gnathites  the  first  pair  of  thoracic  appendages  is  attached  to 
the  hinder  part  of  the  cephalo-thorax.  Ekich  consists  of  a  two- 
jointed  basal  part  (protapodite)^  terminated  by  two  three- 
jointed  divisions  {exopodite  and  endopodite).  Three  similar 
pairs  are  appended  to  the  three  anterior  free  somites,  while 
a  fifth  rudimentary  pair  is  connected  with  the  next  and  small- 
est of  these  somites.  The  suddenly-enlarged  following  seg- 
ment of  the  body  carries  the  apertures  of  the  reproductive 
organs  in  the  female,  and  supports  the  ovisacs.  It  is  com- 
monly regarded  as  the  first  abdominal  somite  ;  but,  according 
to  Glaus,  it  is  composed  of  two  distinct  somites,  which  be- 
come united  only  after  the  last  moult. 

The  alimentary  canal  is  straight  and  simple,  and  without 
any  distinct  liver.  There  is  no  heart  nor  any  special  respira" 
tory  organ. 

The  single  ovair,  situated  in  the  thorax,  is  provided  with 
two  oviducts,  whicn  open  on  the  sides  of  tne  coalesced  first 
and  second  abdominal  somites.  On  the  ventral  face,  between 
the  apertures  of  the  oviducts,  is  the  median  aperture  of  a 
coUeterial  gland  which  secretes  the  viscid  matter  which  forms 
the  coat  of  the  ovisac.  Short  lateral  ducts  connect  the  gland 
with  the  extremities  of  the  oviducts. 

The  male  is  much  smaller  than  the  female,  and  the  two 
enlarged  somites  of  the  abdomen  remain  distinct.  There  ic 
a  single  testis  provided  with  two  vasa  deferentia.  A  special- 
ly glandular  portion  of  the  latter  secretes  the  material  of 
the  spermatopbores,  or  cases  in  which  the  spermatozoa  are 
inclosed.  The  antennae  are  thickened,  and  provided  with  a 
peculiar  hinge- joint,  by  means  of  which  the  male  firmly 
seizes  the  fourth  pair  oi  swimming-legs  of  the  female  during 
copulation,  and  then,  bending  up  his  abdomen,  deposits  two 
of  the  spermatopbores  on  the  median  opening  of  the  colle- 

>  That  these  are  two  divisions  of  the  third  ^athite,  and  not  two  separate 
appendages^  has  been  demonstrated  bv  tracin^i^  out  their  development.  ( Claus, 
**  Organization  und  Verwandtschaft  aer  Copepoden,"  Wurzburaer  naturwiss, 
Zeitwhrift^  1862.)  Under  these  circumstances  I  do  not  know  wny  they  should 
be  termed  **  maxillipedes.*' 
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ierial  gland,  into  which  the  spermatozoa  pass  on  their  way  to 
the  oviducts.  The  gland  thus  plays  the  part  of  a  sperma- 
theca.  The  eggs  are  carried  about  in  the  ovisacs  until  they 
are  hatched. 

The  vitellus  undergoes  complete  division,  and  a  morula 
results,  the  blastomeres  of  which  soon  become  differentiated 
into  a  superficial  epiblast,  surrounding  a  deeper-colored  mass, 
which  gives  rise  to  the  hypoblast  and  mesoblast.  The  whole 
embryo  then  becomes  divided  by  two  constrictions  into  three 
segments,  and  the  hjrpoblast  arises  bv  delamination  around 
a  central  cavity,  which  becomes  the  alimentary  canal.  There 
is  a  large  labrum  on  the  ventral  side  of  the  first  segment  in 
front  of  the  mouth.  The  eye  appears  on  the  tergal  aspect  of 
the  most  anterior  segment,  as  two  pigment-spots  which  soon 
coalesce  into  one;  and  a  pair  of  Jointed  setose  limbs  grows 
out  of  each  segment.  In  this  NaupHussUite  the  young  Cy- 
clops leaves  the  egg. 

The  posterior  part  of  the  body  elongates  and  becomes 
divided  into  the  somites  of  the  thorax  and  abdomen,  from 
which  their  respective  appendages  bud  out  ;  and  these 
changes  are  accompanied  by  exuviation  of  the  cuticle.  The 
three  pairs  of  appendages  of  the  Naupliua  are  converted  into 
the  antennules,  antennae,  and  mandibles  of  the  adult. 

There  are  a  few  other  fresh-water  and  many  marine 
genera  of  Copepoda,  Among  the  latter,  the  PonteUidcB  are 
remarkable  for  the  separation  of  that  part  of  the  head  which 
bears  the  antennules  and  the  antennae,  from  the  rest,  a  pecu- 
liarity to  which  a  parallel  can  be  found  only  among  the  Sto- 
matopoda,  Corycceua  has  two  large,  more  or  less  lateral 
eyes  in  addition  to  the  median  eye,  subchelate  antennae,  and 
a  rudimentary  abdomen.  The  beautifully  iridescent  Sapphi- 
rina  has  an  extremely  depressed  body,  short  filiform  an- 
tennae, two  eyes,  and  rudimentary  gnathites.  A  short  tho- 
racic heart  is  present  in  some  genera. 

The  Epizoa. — Insensibly  connected  by  such  genera  as 
Ergasilua  and  Caligus  with  the  typical  Copepods,  are  a  great 
number  of  very  singular  Crustacea^  which,  from  their  habit 
of  living  parasitically  upon  aquatic  animals  (whence  their 
vulgar  name  of  "  fish-lice  "),  have  received  the  title  of  Epi- 
zoa. Chondracanthus  gibbosuSy  commonly  found  in  great 
abundance  on  the  walls  of  the  branchial  chamber  of  the 
Fishing'-frog  {Lophiits  piscatorius)^  may  serve  very  well  as 
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an  illustration  of  the  roost  remarkable  peculiarities  of  this 
aberrant  group. 

The  female  (Fig.  61)  is  not  more  than  half  an  inch  long, 
but,  posteriorly,  two  long  slender  cylindrical  filaments  (like 
the  rest  of  the  animal,  of  a  whitish  or  yellowish  color)  are 
attached  to  its  body,  which  is  broad  and  flattened,  and  as  it 
were  crimped  at  its  edges,  so  as  to  present  two  principal 
transverse  folds.  The  angles  of  the  folds  are  elongated  into 
lateral  processes  (A,  «,  /* ),  and  similar  processes  (c?,  e)  proceed 
from  the  middle  line  of  the  body,  which  by  these  outgrowths 
and  foldings  becomes  singularly  distorted ;  and  the  grotesque- 
ness  of  the  animaPs  appearance  is  not  a  little  enhanced  by 
the  bowing  motion,  accompanied  by  a  flapping  backward  and 
forward  of  its  gouty  limbs,  which  it  executes  when  detached 
from  the  integument  of  the  Lophius. 

The  head  is  expanded  into  a  sort  of  hood,  the  convex 
anterior  margin  of  which  bears  the  antennules  and  antennae, 
the  latter  being  metamorphosed  into  the  strong  curved  hooks 
by  which  the  Chondr acanthus  is  securely  anchored  to  the 
infested  animal.  A  subquadrate  labrum  overhangs  the  mouth, 
but  docs  not  inclose  the  mandibles  and  form  a  suctorial  ap- 
paratus, as  it  does  in  some  EpiT^a. 

The  mandibles  and  the  two  pairs  of  maxillae  resemble 
curved  hooks  or  claws.  Two  pairs  of  appendages  (Fig.  61, 
6,  c),  composed  each  of  a  protopodite,  terminated  by  an  endo- 
podite  and  exopodite  and  exhibiting  hardly  any  trace  of 
articulation,  are  attached  to  the  anterior  part  of  the  body 
behind  the  head. 

The  body  ends  in  a  rounded  segment,  situated  in  the  deep 
notch  between  the  hindermost  marginal  processes,  and  bear- 
ing the  two  projecting  vulvae.  Above  each  of  these  is  a  small 
triangular  papillose  lobe  (Fig.  62,  w\  probably  a  modified  ap- 
pendage, to  which,  as  we  shall  see,  the  male  attaches  himself, 
while  below  them  are  two  other  rudimentary  appendages 
^Fig.  62,  y).  The  alimentary  canal  is  a  straight  tube  running 
Irom  the  mouth  to  the  opposite  extremity  of  the  body.  No 
heart  is  discoverable,  and  the  nervous  system  and  organs  of 
sense  (if  any)  are  equally  undistinguishable.  The  interspace 
between  the  alimentary  canal  and  the  walls  of-  the  body  is 
almost  wholly  occupied  by  the  ovarium,  which  consists  of 
four  tubes,  situated  on  each  side  of  the  intestine,  and  giving 
off  ramified  caeca,  in  which  the  ova  are  developed.  Ante- 
riorly, each  pair  of  tlibes  opens  into  the  oviduct  of  its  side, 
which  passes  down  along  the  side  of  the  body  to  terminate  at 
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the  tuIts.  The  lower  part  of  the  oviduct  contaios  a  clear 
gelatinous  substance,  and  is  very  similar  in  aspect  to  the  ce- 
ment duct  of  acirripede;  this  substance  ia  secreted  by  the 
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walla  of  the  oviduct,  and  forms  the  walls  of  the  ovieerous  sac. 
The  latter,  as  has  been  stated,  has  the  form  of  a  long  cylin- 
drical filament,  the  upper  end  of  whioh  is  firmly  held  between 
the  prominent  lips  of  the  rulva  (Fig.  62,  x). 

The  male  Chondraeanthus  does  not  attain  to  a  twelfth  the 
length  of  the  female,  and  looks,  at  first,  like  a  papilla  upon 
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her  body  near  the  vulva.  On  close  examination,  howerer,  he 
is  aeen  to  be  firmly  fixed  by  his  antennary  hooks  to  one  ot  the 
two  trian^ar  lobes  described  above.  The  hooka  are  doubt- 
less at  first  attached  to  the  lobe  by  muscular  contraction ;  but 
the  oonneotion  once  effected  seems  indissoluble — at  least  ma- 
ceration in  caustic  soda  does  not  cause  the  male  to  become 
detached.  It  does  not  appear  that  more  than  one  male  is 
attached  to  a  female. 

The  body  of  the  male  (Fig.  62)  is  pyriform,  and  exhibits 
indications  of  a  division  into  six  segments  beside  the  head. 


FM.  tt~l\  Mil*  nMrftwmMm,  tt  Mtit,Mkrged:X,  Tnmorrenwls;  u>,  tnin- 
|«kuHBtBM*k>»M:  f.utfBBBoraBle:  r.tju-mM;  l.tmtiii  a, Tu deFereni : 
t.gwMUltpti«uvi  f .  raOmitmitrj  ffrmtMgtt  of  tha  teimla  ;  0,  orluea. 

TtK-  anUTiiw  t>xlH>mitr  presents  a  black  eye-spot  imbedded 
in  its  subsuuw,  and  gives  origin  to  a  pair  of  rudimentary 
anl«4tnuK-s,  atv.)  lo  tfa»  strong,  hooked,  prehensile  antennfe. 
IWhittd  and  bt-low  them  is  a  Uige  labrum  and  three  pairs  of 
K^Xik-Uki!'  gtialhiti'o.  These  at«  succeeded  by  two  pairs  of 
««tvvl>inlrh'*l  apix'inUyt's,  which  apparently  represent  ambu- 
Ul\<r^'  liutb*. 

'tV>  vvkwlal  exiiviuitr  is  terrninsted  by  two  styles,  and 
tWi^t  aw  lw\>  ^inuuiuout  tubercles  on  the  ventral  surface  of 
lht«  )vitultimatt>  M>nii(e,  iu  which  the  genital  apertures  are 
•>,>att>l.  Thi^  aliutanitarr  canal  is  a  delicate,  irregular  tube, 
Kavtttg  tUAuv  biMwuiah  granules  imbedded  in  its  walls.  A 
wtvk'  u'W'^'Kasus  is  lAxutectetl  with  its  anterior  extremity; 
t^Ml  Iho  ^>f'tHv*kTi>  t'uvl  ai>p««rs  to  be  rounded,  and  to  be  united 
wtth  ^ht^  xoKliwt  surfiMv  i»(  the  integument  only  by  connec- 
ti\v>  hi^Hsv  V  v<\>tHpl>i>\  muscular  system,  composed  of  striped 
HV(V<s  ta  \mN\t  thoNtgh  tb*  iDtegument,  and  the  eye^>ot 
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seems  to  be  conneoted  with  a  subjacent  ganglionic  mass. 
The  body  is  sufficiently  transparent  to  allow  the  pulsations 
of  a  heart  to  be  seen,  but  none  can  be  discovered.  The  testis 
is  a  large  oval  bilobed  mass  {t)y  lying  like  a  saddle  upon  the 
anterior  part  of  the  intestine.  From  this  body  a  thick  vas 
deferens  runs  back  upon  each  side  of  the  intestine,  and  di- 
lates in  the  penultimate  and  antepenultimate  somites  into  a 
thick  walled  pyriform  sac — a  sort  of  vesicula  seminalis.  The 
embryo  leaves  the  egg  as  a  Nduplius^  like  that  of  Cyclops. 

There  are  many  genera  of  these  parasites,  some  of  which, 
such  as  the  almost  completely  vermiform  JLemoBOBj  deviate 
even  more  widely  than  Chondracanihus  from  the  ordinary 
form  of  Crustacea^  while  others,  such  as  ErgaaUus  and  Noto- 
ddphya^  differ  but  little  from  the  free  Copepoda, 

In  Caligti8y  the  labium  and  metastoma  are  elongated  and 
united  into  a  tube  in  which  the  sharp  styliform  mandibles  are 
inclosed  ;  and  from  the  prevalence  of  this  suctorian  form  of 
mouth  in  some  of  the  best  known  species  of  parasitic  Cope^ 
poda^  they  are  frequently  termed  "suctorial"  crustaceans. 
Suctorial  disks  for  attachment  are  developed  from  the  coa- 
lesced posterior  pair  of  thoracic  members  in  Achtheres  ;  and, 
in  this  genus,  the  head,  as  a  distinct  part,  becomes  almost 
entirely  obsolete. 

ArguluSy  the  parasite  so  common  on  the  Stickleback,  is 
worthy  of  notice  as  one  of  the  most  curious  modifications  of 
the  epizoic  type.*  It  is  extremelv  flattened,  and  is  composed 
of  an  anterior  cephalo-thoracic  disk,  behind  which  lies  a  very 
short  and  broad,  notched  abdomen.  A  median  styliform 
weapon  lies  in  a  sheath  in  front  of  the  mouth,  and  the  small 
mandibles  and  maxiliss  are  inclosed  in  a  short  tube  formed 
by  the  labrum  and  the  metastoma.  Six  pairs  of  appendages 
lie  behind  the  mouth,  the  anterior  being  metamorphosed  into 
suckers,  the  next  pair  into  strong  limbs  with  a  toothed  sec- 
ond joint,  and  the  four  others  constituting  biramous  swim- 
ming-feet. There  are  two  pairs  of  antennary  organs,  and  two 
compound  eyes.  According  to  Leydig,  the  males  are  pro- 
vided with  cups  on  their  penultimate  swimming-feet;  and, 
during  copulation,  these  are  filled  with  the  seminal  fluid, 
which  is  thus  transferred  to  the  vulva  of  the  female,  and 
thence  to  the  spermatheca.  The  eggs  are  laid,  and  not  car- 
ried about  in  ovisacs.     The  larva  is  provided  with  two  pairs 

>  Glaus  (**  Ucber  die  Entwickelun^,  Organization  und  Bystematiftohe  Stellung 
dcr  Argulidcn/'  1875)  has  proved  the  cloae  affinity  of  Argulus  with  the  Oop^' 
poda^  but  proposes  to  regard  it  aa  Uie  type  of  a  apeoial  gxx>up,  the  Branchiwrih 

11 
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of  principal  swimmiDg  appendages,  the  future  antennae  and 
the  mandibular  palps,  the  latter  eventually  entirely  dis- 
appearing. There  is  a  pair  of  small  antennules,  a  pair  cf 
B^ong  legs  in  the  place  of  the  suckers,  and,  behind  them,  tke 
rudiments  of  the  prehensile  legs  and  the  first  pair  of  bira- 
mous  appendages,  the  others  being  rudimentary. 

NotoddphySy  which  may  be  found  very  commonly  in  the 
branchial  sac  of  AscidianSy  closely  resembles  an  ordinary 
Cope  pod,  except  that  it  becomes  much  distorted,  and  that 
it  carries  its  ova  in  a  chamber  formed  by  the  dorsum  of  the 
carapace. 

However  strangely  modified  the  adult  form  may  be  (and 
it  must  be  remembered  that  it  is  always  the  female  which  un- 
dergoes the  greatest  amount  of  Change),  the  larvse  of  all 
these  epizoio  parasites  resemble  those  of  the  ordinary  free 
Copepoda  in  possessing  only  two  {AchthereSy  TracJieliastes) 
or  three  pairs  of  appendages  (which  appertain^o  the  anterior 
region  of  the  head ) ;  and  they  are  endowed  with  considerable 
powers  of  locomotion. 

The  BRANcnioPODA. — The  genera  Nehaliay  Apus^  Bran- 
chipu8y  LimnetiSy  DaphniOy  and  their  allies,  are  usually  di- 
vided into  two  orders,  the  Pht/Uopoda  and  the  Cladocera/ 
but  these  pass  into  one  another  so  gradually,  and  have  bo 
many  structural  peculiarities  in  oommon,  that  the  subdivision 
of  the  group  of  Branchiopoda  appears  to  me  to  be  a  step  of 
doubtful  propriety.  Closely  resembling  the  lower  Podoph- 
thalmiay  such  as  MyaiSy  in  some  respects,  these  Crustaceans 
are  invariably  distinguished  from  them  by  the  possession  of 
a  greater  or  less  number  of  somites  than  twenty ;  Nebaliay 
which  most  nearly  approximates  the  higher  Crustaceay  hav- 
ing twenty-two  somites.  Furthermore  the  thoracic  and  ab- 
dominal appendages  of  the  Branchiopoda  are,  in  the  majority 
of  cases,  more  or  less  foliaceous,  resembling  in  many  respects 
the  anterior  maxillipede  of  an  AstacuSy  and  being  constructed 
on  essentially  the  same  plan. 

Apua  glacialis  (Fig.  63)  presents  an  elongated  vermiform 
body,  terminated  by  two  long,  multiarticulate,  setose  styles, 
and  covered  anteriorly  by  a  great  shield-like  carapace,  deeply 
excavated  behind.  The  posterior  three-fifths  of  the  carapace 
are  free,  and  merely  overlap  the  segments  of  the  body.;  the 
anterior  portion,  on  the  contrary,  is  united  with  and  forms 
the  tergal  surface  of  the  corresponding  region  of  the  head  ; 
the  free  portion  of  the  carapace  shelves  away  laterally  from  a 
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median  ridge,  on  each  side  of  which  a  curious  concentric  mark- 
ing, indicating  the  position  of  the  shell-gland  (Fig.  63,  -B,  sb), 
is  visible.  This  gland  is  a  coiled  tube  with  clear  contents, 
which,  according  to  Claus,  opens  on  the  base  of  the  first  pair 
of  thoracic  appendages,  immediately  behind  the  second  max- 
illae. Where  the  free  joins  the  fixed  portion  of  the  carapace, 
the  ridge  is  abruptly  terminated  by  a  transverse  depression. 
A  little  distance  in  front  of  this  is  another  deeper  transverse 
groove,  close  to  which,  in  the  middle  line,  are  the  two  reni- 
form  compound  eyes,  converging  toward  one  another  ante- 
riorly (Fig.  63,  B,  i'). 

The  ventral  surface  of  the  anterior  division  of  the  carapace 
(Fig.  63,  C)  presents  a  flattened,  semilunar,  subfrontal  area, 
as  in  Limulu8y  behind  which  it  slopes  upward  on  all  sides 
into  the  posterior  division,  thus  forming  a  wide  chamber,  in 
which  the  anterior  thoracico-abdominal  segments  are  lodged. 
In  the  middle  line,  the  subfrontal  plate  sends  back  a  long  and 
wide  process,  movably  articulated  with  it,  and  rounded  at  its 
free  end — the  labrum  ;  above  and  behind  which  the  mouth 
and  gnathites  are  situated.  Behind  these  follow  twenty-six 
spinulose  thoracico-abdominal  segments ;  the  anterior  twenty 
of  which  bear  the  swimming-feet,  while  the  twenty-sixth, 
much  larger  than  the  others,  is  produced  into  an  incurved 
point  posteriorly,  and  carries  the  anus  and  the  terminal  setce. 

The  compound  eyes,  as  has  been  said,  are  seated  upon  the 
upper  surface  of  the  anterior  division  of  the  carapace.  On  the 
under  surface,  just  above  and  behind  the  posterior  boundary 
of  the  subfrontal  area,  and  on  each  side  of  the  labrum  (Fig.  63, 
(7,  lb)y  is  a  delicate  jointed  filament — the  antennule  (Fig.  63, 
(7,  ii').  Behind  this  Zaddnch  found,  in  some  specimens  of 
Apu8  cancriformia,  a  second  very  small  filament,  the  rudiment 
of  the  antenna,  which  in  the  larva  is  so  large  and  important 
an  organ ;  but  I  have  observed  nothing  of  the  kind  in  A.  gla' 
cialis.  On  each  side  of  the  labrum  is  a  large,  convex,  strong, 
toothed  mandible,  and  the  aperture  of  the  mouth  is  bounded 
posteriorly  by  a  profoundly  divided  plate,  the  metastoma. 
Succeeding  this  are  two  pairs  of  small  maxillse,  the  second 
pair  being  foliaccous,  and  almost  rudimentary.  Behind  these 
appendages,  a  cervical  fold  marks  off  the  boundary  between 
the  head  and  the  thorax,  and  at  the  same  time  corresponds 
with  the  commencement  of  the  free  portion  of  the  carapace. 
Whether  the  carapace  is  also  to  a  certain  extent  attached  to 
the  first  thoracic  somite,  as  Grube  states,^  or  whether  it  is  en- 

>  "  Bemerkungen  fiber  die  Phyllopoden,"  p.  81. 


244         THE  ANATOMY   OF   INVERTEBRATED   AXIMAl^. 

tirely  cephalic,  ks  Milne -Edwards  considerti,  is  a  point  upon 
which  I  have  been  able  to  rome  to  no  very  clear  determina- 
tion ;  indeed,  it  is  a  question  rather  for  the  einbiyologist  than 
the  anatomist. 

Of  the  twenty  pedigeroua  segments,  the  first  eleven  have 
each  one  pair  of  appendages  ;  but,  behind  the  eleventh,  each 
segment  gives  attachmeut  to  a  gradually  increasing  number 
of  limbs,  so  that  the  twentieth  carries  five  or  six  pairs.  Alto- 
gether twenty -eight  pairs  of  appendages  are  attached  to  these 
nine  posterior  thoracic  seginejits  ;  those,  added  to  the  eleven 
preceding,  make  thirty-nine  appendages  in  all.  While  each 
of  the  anterior  eleven  segments  must  be  regarded  as  single 
somites,  the  nature  of  the  posterior  ones  is  open  to  doubt  ; 
they  may  be  single  terga,  the  sterna  and  appendages  of  which 
have  multiplied;  or,  more  probably,  they  each  represent  a 
number  of  coalesced  terga. 

Each  appendage  consists  of  throe  divisions — an  cndopo- 
dite,  esopodite,  and  epipodite,  supported  on  a.  protopotUte 
or  basal  division  (Fig.  63,  JJ,  E,  F-).  The  hitter  consists  of 
three  joints — a  coxopodile  produced  internally  into  a  strongly 
setose  prominence  (not  represented  in  the  figures),  a  basi- 
podite,  and  an  ischiopodite,  the  latter  elongated  internally 
into  a  lanceolate  process,  and  bearing  on  its  outer  side  two 
appendnges,  of  which  the  proximal — the  epipodite  or  branchia 
(Fig.  63,  D,  Ey  7) — is  pyriform  and  vesicular  in  specimens 
preserved  in  spirit.  The  distal  appendage,  which  appears  to 
represent  the  exopodite  (6),  is  n  large  flat  plate,  provided 
with  long  set^  on  its  margin. 

The  endopodito  consists  of  four  joints,  the  two  proximal 
ones  being  much  the  longer,  and,  like  the  penultimate,  giving 
off  internally  a  long  process.  Finally,  the  terminal  joint  is 
claw-like  and  serrated  on  its  concave  edge. 

The  average  form  of  these  appendages  is  represented  by 
{E),  taken  from  the  middle  of  the  series ;  anteriorly  the  limbs 
become  more  slender  and  leg-like  (Ji) ;  posteriorly,  on  the 
other  hand,  they  are  completely  foliaceous,  as  \F)  \  but  the 
same  elements  are  recognizable  throughout. 

The  eleventh  pair  of  appendages  alone  depart,  in  any  im- 
portant respect,  from  the  rest  of  the  series,  each  of  these 
being  moJilied  so  as  to  serve  as  a  receptacle  for  the  ova. 
To  this  end  the  joints  of  the  cndopodite  are  greatly  ex- 
panded, and  converted  into  a  hemispherical  bowl  ;  the  exo- 
podite,  metamorphosed  into  another  such  bowl,  shuts  down 
over  thti  endopodite;    and   into  the  box   thus  formed   the 
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portion  of  males  to  females  yet  known,  viz.,  33  in  72.  On 
the  other  hand,  between  1867  and  1869,  Von  Siebold  ex- 
amined many  thousands  of  specimens  of  the  Bavarian  Apus 
without  finding  a  single  male.* 

The  testis  is  similar  to  the  ovary  in  form,  and  its  duct 
opens  upon  the  eleventh  pair  of  appendages,  as  in  the  case  of 
that  of  the  female  organs.  The  spermatozoa  are  oval  and 
without  motion. 

The  young  Apu8  {cancriformis),  when  just  hatched,  is  a 
Nauplius.  The  body  is  oval,  indistinctly  divided  into  a  few 
segments,  and  entirely  destitute  of  appendages,  except  a 
shorter  anterior,  uniramous,  and  a  longer  posterior,  biramous, 
pair  of  oar-like  organs,  situated  at  the  anterior  extremity,  on 
eitlier  side  of  the  single  median  eye.  The  carapace  is  rudi- 
mentary, and  there  are  no  caudal  filaments.  The  little  ani- 
mal soon  casts  its  skin,  and  the  mandibles,  which  are  provided 
with  long  palps,  make  their  appearance.'  With  successive 
ecdyses,  the  larva  assumes  more  and  more  the  form  of  the 
adult,  and  acquires  the  pair  of  compound  eyes  ;  the  anterior 
pair  of  appendages  being  converted  into  the  antennules,  the 
posterior  pair  disappearing,  or  remaining  as  rudimentary  an- 
tennae, and  the  mandibular  palps  also  vanishing. 

Singular  and  highly  instructive  modifications  are  exhib- 
ited by  the  other  genera  of  the  Branchiopoday  such  as  Neba^ 
Hay  Branchipus  ( Cheirocephalus),  Zfimnetis,  and  Baphnia. 

In  Baphnia  and  its  allies  (Fig.  64),  the  thoracic  members 
arc  reduced  to  six,  five,  or  even  four  pairs,  some  or  all  of 
which  may  take  the  form  of  ordinary  limbs  ;  the  abdomen  is 
rudimentary  ;  the  heart  is  short ;  and  the  carapace  presents 
a  posterior  division  {omostegite),  obviously  developed  from 
the  anterior  thoracic  somites,  the  lateral  halves  of  which  are 
deflexed  so  as  to  resemble  a  bivalve  shell,  into  which  the 
hinder  part  of  the  body  can  be  withdrawn.  The  anterior 
division  of  the  carapace  (cephalostegite)  in  Baphnia  has,  on 
the  contrary,  the  same  structure  as  the  corresponding  part  of 
the  carapace  of  ApuSy  but  the  compound  eyes,  represented 
by  a  single  mass,  are  situated  at  the  anterior  extremity  of 
the  head,  rather  than  on  its  upper  surface,  and  the  single  eye 
is  quite  distinct,  and  far  posterior  to  them  (Fig.  64,  J9,  i', 
ii").    The  antennules  (Fig.  64,  Ay  ii')  are  small,  rudimentary, 

» *'  Bcitra^e  zur  Parthenogenesis  der  Arthropoden,'*  1871.  It  appears  that, 
in  Apvi^  the  imprecated  ova  alone  give  rise  to  males. 

'  According  to  Clauses  recent  investigations,  this  third  pair  of  appendages 
is  present  from  the  time  the  young  Aptts  leaves  the  egg. 
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the  head  or  the  thorns,  the  segments  of  the  latter  being  en- 
tirely free,  while  the  former  is  similar  in  shape  to  that  of  an 
Insect,  or  Edriophthalmous  Crustacean,  and  oairies  two  large 
stalked  eyes,  two  antennules  (singularly  modified  in  the 
male),  two  antennie,  a  pair  of  mandibles,  and  two  pairs  of 
maxillce. 

In  Sitheria  and  LimnetU,  the  males  are  met  with  in  full 
proportion  to,  and  may  be  even  more  numerous  than,  the 
females.  No  males  are  known  in  Limnadia  gigas,  although 
thousands  have  been  examined,  while,  in  X.  Stanleyana, 
more  males  than  females  have  been  found.  In  £ranchipua^ 
males  are  fewer  than  females;  in  ArtemtOy  they  occur  only 
at  rare  intervals.   In  Dapknia,  the  males  are  few,  and  appear 
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only  at  certain  seasons  of  the  year.  But  notwithstanding 
the  rarity  or  absence  of  the  males  in  many  of  these  genera, 
reproduction  proceeds  with  great  rapidity.  The  ova  are  capa- 
ble of  development  witliout  Kcnndation ;  and  isolated  females 
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of  the  genus  Daphnia  will  thus  go  on  producing  broods  for 
generation  after  generation,  without  any  known  limit.' 

Under  certain  circumstances,  however,  bodies  of  a  differ- 
ent nature  from  these  "  agamic  ova,"  as  they  have  been  well 
termed  by  Sir  John  Lubbock,'  are  developed  within  the 
ovary,  the  substance  of  which  acquires  an  accumulation  of 
strongly  refracting  granules  at  one  spot,  and  forms  a  dark 
mass,  the  so-called  "  ephippial  ovum."  When  fully  formed, 
two  of  these  bodies  pass  into  the  dorsal  chamber  of  the  cara- 
pace, the  walls  of  which  have,  in  the  mean  time,  become 
altered.  The  outer  and  inner  layers  of  the  integument  ac- 
quire a  peculiar  structure,  a  brown  color,  and  a  more  firm 
consistency,  over  a  large,  saddle-like  area.  When  the  next 
moult  takes  place,  these  altered  portions  of  the  integument, 
constituting  the  "  ephippium,"  are  cast  off,  together  with  the 
rest  of  the  carapace,  wbich  soon  disappears,  and  then  the 
ephippium  is  left,  as  a  sort  of  double-walled  spring-box  (the 
spring  being  formed  by  the  original  dorsal  junction  of  the 
two  halves  of  the  carapace),  in  which  the  ephippial  ova  are 
inclosed.  The  ephippium  sinks  to  the  bottom,  and,  sooner 
or  later,  its  contents  give  rise  to  young  Daphnice, 

Jurine's  and  Sir  J.  Lubbock's  researches  have  proved  that 
the  development  of  the  ephippial  ova  may  commence  with- 
out the  influence  of  the  male,  and  they  seem  to  indicate  that 
these^  ova  may  even  be  fully  formed  and  laid  without  the 
male  influence.  On  the  other  hand,  there  appears,  under  ordi- 
nary circumstances,  to  be  a  certain  relation  between  the  com- 
plete development  of  ephippial  ova  and  the  presence  of  males ; 
and,  as  yet,  no  ephippial  ova  produced  by  virgin  females  have 
been  directly  observed  to  produce  young.  The  question, 
therefore,  seems  to  stand  thus,  at  present:  the  agamic  ova 
may  certainly  be  produced,  and  give  rise  to  embryos,  without 
iniprcgnation ;  the  ephippial  ova  may  certainly  be  produced 
without  impregnation ;  but  whether  impregnation  is  or  is  not 
absolutely  necessary  for  their  further  development,  there  is, 
at  present,  no  evidence  to  show. 

The  great  majority  of  the  Branchiopoda  inhabit  fresh 
waters.  Artemia^  however,  delights  in  brine-pools.  The 
genus  JEstheria  is  of  Devonian  age,  and  it  seems  probable 

»  "Ueber  die  Gottungen  Ettheria  und  lAmnadiay    ("  Archiv  far  Natur- 
gesoliichte  "  1864.) 

•  "  An  Account  of  the  Two  Methods  of  Reproduction  in  Daphnia,  and  of  the 
Stmotore  of  the  Ephippium."    ('*  TraiuaotioaB  of  the  BoyiJ  Sodetj,"  1875.) 
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that  the  Silurian  Hymenocaris  and  its  allies  were  related  to 
Apu8. 

The  Ostracoda. — This  group  contains  several  genera  of 
both  recent  and  fossil  Crustacea^  for  the  most  part  of  very 
small  size,  and  distinguished  by  their  hard,  often  calcified, 
and  completely  bivalve  shell,  provided  with  a  distinct  hinge. 
The  valves  of  this  shell  consist  of  the  lateral  moieties  of  uie 
carapace  ;  they  are  commonly  unequal  and  unsym metrical, 
and  present  a  peculiar  ornamentation.  The  shell-gland  is 
very  small.  The  Ostracoda  are  also  remarkable  for  the  ex- 
tremely rudimental  condition  of  their  abdomen,  and  for  the 
paucity  of  their  thoracic  appendages,  which,  instead  of  being 
foliaceous,  are  strong  and  subcylindrical,  like  the  ambulatory 
legs  of  the  higher  Crustacea, 

The  cephalic  flexure  is  as  well  marked  as  in  the  highest 
Crustacea^  so  that  the  eye,  obscurely  divided,  and  median  in 
Cypris  (Fig.  66,  A),  but  double  and  lateral  in  Cy there  (-B), 
is  situated  in  the  upper  part  of  the  anterior  region  of  the  body. 
The  antennules  and  antennse,  attached  to  their  respective 
somites,  the  sterna  of  which  constitute  the  anterior  boundary 
of  the  body,  are  similar  in  form  and  function  to  ambulatory 
limbs.  The  ducts  of  a  peculiar  gland  open,  according  to 
Zenker,  at  the  end  of  the  strong  spine  with  which  the  an- 
tenna of  Cythere  is  provided.  The  labrum  is  conspicuous, 
and  the  mandibles  are  strong,  and  possess  a  well- developed 
palp.  The  first  maxilla  is  provided  with  a  large  foliaceous  se- 
tose appendage  (epipodite  ?).  The  second  maxilla  in  Cythere 
is  represented  by  the  first  of  the  three  pairs  of  ambulatory 
limbs  (Fig.  66,  Jby  e,  c,  e)  present  in  this  genus.  In  Cypris^ 
which  possesses  a  second  pair  of  maxill©,  there  are  only  two 
pairs  of  ambulatory  limbs  (Fig.  66,  -4,  P,  i.,  ii.).  The  aper- 
tures of  the  reproductive  organs,  provided  in  the  male  with  a 
wonderfully  complex,  homy,  copnlatory  apparatus  (described 
with  great  minuteness  by  Zenker),  are  situated  between  the 
last  pair  of  thoracic  members  and  the  large  caudal  hooks. 

Strong  adductor  muscular  bundles  pass  from  one  valve  of 
the  carapace  to  the  other,  and  leave  impressions  discernible 
from  without,  the  form  and  arrangement  of  which  furnish 
valuable  systematic  characters. 

The  alimentary  canal  of  the  Ostracoda  is  provided  ante- 
riorly with  an  apparatus  of  hard  parts,  resembling  in  many  re- 
spects the  gastric  armature  of  the  Isopoda,  and  gives  origin 
to  two  hepatic  csBoa.     Cypris  and  Cythere  have  no  heart; 
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The  Ostracoda  either  attach  their  eggs  to  aquatic  plants, 
or  carry  them  about  between  the  valves  of  the  carapace. 

Glaus '  has  worked  out  the  development  of  Cypris^  which 
passes  through  nine  successive  stages,  distinguished  from  one 
another,  not  merely  by  the  shape  of  the  carapace,  but  by  the 
number  and  form  of  the  limbs.  An  ecdysis  of  the  chitinous 
cuticle  of  the  body  and  carapace  terminates  each  stage  of  de- 
velopment. When  the  Cypria  leaves  the  egg^  it  resembles  a 
NaupliuSy  in  possessing  a  single  median  eye  and  only  three 
pairs  of  limbs  (the  future  antennules,  antennae,  and  mandi- 
bles) ;  but  none  of  these  are  divided  into  two  branches.  The 
body  is  laterally  compressed  and  has  a  bivalve  carapace. 

The'  changes  undergone  by  the  marine  Ostracoda  after 
they  leave  the  egg  are  much  less  marked. 

Fossil  Ostracoda  abound  in  strata  of  all  ages,  from  the 
older  palaeozoic  formations  onward  ;  and,  so  far  as  the  char- 
acters of  the  carapace  furnish  evidence,  the  most  ancient 
forms  differed  very  little  from  those  which  now  exist. 

The  Pectostraca  {Rhizocephala  and  Cirripedia)  leave 
the  egg  as  a  Nauplius^  provided  with  three  pairs  of  limb-like 
appendages,  of  which  the  anterior  pair  are  simple,  while  the 
two  posterior  pairs  are  bifurcated  (Fig.  68,  ^a).  An  addi- 
tional pair  of  filiform  appendages  subsequently  makes  its  ap- 
pearance in  front  of  the  undivided  pair  of  members,  in  most 
cases ;  and  there  is  a  discoidal  carapace,  the  antero-lateral 
angles  of  which  usually  become  greatly  produced.  Subse- 
quently, the  carapace  becomes  bivalve  (as  in  many  PhyUo* 
poda^  and  in  the  Cladocera  and  Ostracoda)^  and  the  anterior 
undivided  pair  of  limbs  are  converted  into  relatively  large, 
jointed  appendages,  provided  with  a  sucker-like  organ.  The 
thorax  grows  and  usually  develops  six  pairs  of  appendages. 

Finally,  the  bivalve-shelled  larva  fixing  itself  by  the 
suckers  of  its  anterior  limbs,  the  prae-oral  region  of  the  head 
becomes  enlarged,  and  is  converted  into  the  base,  or  pe- 
duncle, in  ordinary  Cirripedes;  while  it  gives  oflF  the  root- 
like processes  which  grow  into  the  tissues  of  the  animals  on 
which  the  Bhizocephaia  are  parasitic.  The  Pectostraca  are 
almost  all  hermaphrodite,  a  condition  which  is  very  excep- 
tional among  Arthropods.     They  possess  no  heart. 

The  Cirripedia. — It  can  hardly  be  a  matter  of  reproach 
1  **  EotwiokelQDgsgesoliiohte  von  Cypris  '*  (1868)  ;  and  **  GrandzQge," 
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ill  ilin  iililnr  tmttinilinU  if  tliov  failed  to  discover  the  affinity 
iiiiiiiii>t<llii^  llin  ncMlontary  "Acorn-shells"  of  a  rocky  coast 
Willi  llm  nt^ivo  Shoro-orab  which  runs  among  them;  or  if 
lh(«,v  t'Uxint'd  tlif  Ihirimolos  with  MoiluscOy  instead  of  admit- 
liity:  llioin  to  tlmt  plaoo  amid  the  Cmstacea  which  is  now 
iiK«iun<H|  to  thoin  bv  ovory  naturalist  of  competent  judgment. 
Nonun^«  in  fNot«  ut  tint  aight,  is  less  suggestive  of  a  Crusta- 
%H^tk\\  ihAU  a  /^i/fiNfM»  or  a  l^xfs;  the  former  firmly  fixed 
l\V  tUo  tviiKO  of  ila  muhivalvo  conical  shell,  the  latter  by  its 
rtf^nKv  n\\\\  *MntraoUlo  (xniuncle;  the  only  sign  of  life  in 
fri\\\ot  W\\\^  I  ho  aht^mato  protrusion  and  retraction,  from  the 
\aK«Ur  ojH^wiwjy  of  iho  animal's  case,  of  a  bundle  of  curved 
liUw^'n^Mi^  oim*  which  sweep  with  a  brushing  motion  through 
l)^^  >iH^ito<\  aw*i  *ooop  the  floating  nutritive  matters  toward 

ItSo  xalvtM  through  which  the  cirri  make  their  egress  are 
fkf^>«^«hoiitHl,  in  both  Salanus  and  Lepas^  by  four  calcified 
k-A^sNVK  l«o  on  each  side;  those  of  each  half  being  united  to- 
^N'^hsMP  by  an  oblique  suture,  or  by  a  regular  articulation ; 
X^k^W  iho  two  pieces  of  opposite  sides  are  connected  only 
^K"*^  luio  margin,  either  immediately  (Balanus\  or  by  means 
s«i  all  intermediate  piece  {Lepas), 

Tho  upper,  or  distal,  pieces  are  termed  the  terga^  the 
K^Wt^r,  or  proximal,  pieces  the  scuta ^  the  intermediate  piece  is 
t)i0  carina.  In  JCepas^  there  arc  no  other  hard  external 
l^lfu^es;  but,  in  ^alanus,  the  conical  shell,  into  which  the 
valves  can  be  more  or  less  completely  retracted,  is  composed 
of  six  portions  or  compartments.  Of  these,  one  is  situated 
on  the  same  side  as  the  opening  between  the  valves  and 
another  at  the  precisely  opposite  point,  or  on  the  same  side 
as  the  line  of  union  of  the  valves.  The  latter  is  the  homo- 
logue  of  the  intermediate  piece,  or  carina^  in  Lepas ;  the 
former,  in  Balanus^  consists  of  three  pieces  united  together, 
the  median  rostrum,  and  the  two  rostro^ateral  compartments. 
On  each  side  of  the  carina  is  a  compartment  termed  carino- 
lateral^  and  between  them  and  the  complex  rostrum  lies  a 
lateral  compartment. 

If  the  shell  consisted  of  its  eight  typical  pieces  (as  it  does 
in  the  genus  Octomeris)^  it  would  be  found  that  each  pre- 
sented a  triangular  free  middle  portion  and  two  lateral  wings. 
The  former  is  always  termed  the  paries j  but  the  latter  re- 
ceive different  names,  according  as  they  overlap  or  are  over- 
lapped by  others.  In  the  former  case,  they  are  termed  radiij 
in  the  latter,  cUcb.    Thus,  typically,  the  carina]  and  the  ros- 
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tral  compartments  are  overlapped  on  both  sides,  and  their 
wings  are  consequently  both  alee;  the  lateral  and  carino- 
lateral  compartments  are  overlapped  on  one  side,  and  overlap 
on  the  other,  hence  thev  have  an  ala  on  one  side,  a  radius  on 
the  other ;  while  the  rostro-lateral  compartment  overlaps  on 
both  sides,  and  hence  its  wings  are  both  radii.  In  SalanuSy 
however,  the  rostrum  and  rostro-lateral  compartments  being 
replaced  by  a  single  compartment  formed  by  their  confluence, 
this  piece  has  radii  on  both  sides. 

Different  as  is  the  appearance  of  Lepas  from  that  of 
JSalanuSy  they  closely  resemble  one  another  in  essential 
structure.  Thus,  to  commence  with  JLepas,  On  cutting,  away 
the  scutum  and  tergum  of  one  side  (Fig.  67,  J5),  the  hinder 
part  of  the  body  of  the  animal  is  seen  within  the  sac  of  the 
capitulum^  formed  by  the  valves  of  the  shell,  to  which  it  is 
attached  only  on  the  rostral  side  and  inferiorly  by  a  com- 
paratively narrow  isthmus.  Immediately  behind  this  point 
the  body  widens,  to  constitute  what  Mr.  Darwin*  has  termed 
the  prosoma^  but  the  thoracic  segments,  which  succeed  the 
prosoma,  gradually  taper  posteriorly.  Six  pairs  of  appendages 
(a)  are  attached  to  the  thorax,  each  limb  consisting  of  a  basal 
joint  (protopodite),  terminated  by  two  long  multi-articulate 
cirri,  the  representatives  of  the  endopodite  and  exopodite  ; 
and  a  rudimentary  abdominal  segment,  terminated  by  two 
short  caudal  appendages,  succeeds  the  thorax,  and  is  pro- 
duced in  a  long  setose  annulated  penis  (/").  Filamentous 
appendages  depend  from  some  of  the  thoracic  somites,  and, 
projecting  from  the  inner  wall  of  the  sac  on  each  side,  is  a 
triangular  process,  the  ovigeraus  frcBnum  (m). 

The  mouth  is  situated  at  the  posterior  part  of  a  protuber- 
ant mass,  seated  on  the  rostral  face  of  the  prosoma.  This  is 
principally  composed  of  a  large,  buUate  labrum,  behind  which 
are  a  pair  of  mandibles  with  large  and  setose  palps,  and  two 
pairs  of  maxillae.  Anteriorly,  the  prosoma  passes  by  a  nar- 
row isthmus  into  the  rostral  part  of  the  peduncle,  into  which 
it,  as  it  were,  expands  ;  while  the  posterior  margins  of  the 
peduncle  become  continuous  with  the  walls  of  the  sac. 

The  extremity  of  the  peduncle  is  fixed  by  a  peculiar 
cementing  substance  to  the  body  to  which  the  Lepas  ad- 
heres ;  but,  if  it  be  carefully  detached,  there  will  be  found 
connected  with  the  rostral  portion  of  the  surface  a  pair  of 
very  minute,  singular-looking,  organs,  consisting  of  two  proxi- 

1  '*  Monognph  of  the  Cirripedia,**  1S61, 1854. 
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nwl  joiuta,  succccdod  by  an  articulatloD  which  is  dilated  into 
n  auokc^  and  terminated  b/  bd  elongated  setose  joint  (Fig. 
07,  A,  ii,  I).  Tbcso  aro  liio  remains  of  the  anterior  append- 
aj{oa  uf  llio  larva. 

From  whul  tins  been  said,  it  foUowB  that  the  fixed  end  of 
tlio  pcduole  is,  in  fact,  the  anterior  extremity  of  the  body 
of  llio  LrjH.it,  and  that  a  Barnacle  may  be  said  to  be  a  Crus- 
tacean fixed  by  its  head,  and  kicking  the  food  Into  its  mouth 
with  its  legs. 


I  at  Balama;  B.otLepai — 


The  month  of  J*'pa*looka  toward  the  posterior  eitremitj 
of  the  body,  nrd  leads  into  a  tubular  oesophagus,  which 
passes  forward,  and  opens  by  a  wide  superior  extremity  into 
the  plobular  stomach.  From  this  point,  the  alimentarv  caniU 
bends  back  upon  itself,  and  gradually  narrows  into  the  in- 
testine, which  terminates  in  the  anne,  situated  at  the  ex- 
tremity of  the  abdomen,  on  the  tcrgnl  aide  of  the  penis. 
Two  considerable  branched  cEeca,  probably  hepatic,  proceed 
OB  diverticula  from  the  fitoniaoh,  corresponding  very  elosely 
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in  position  with  those  of  Daphnia.  No  heart  or  other  cir- 
culatory organs  are  known  to  exist ;  and  it  may  be  doubted 
if  the  ovigerous  frsena  of  Lepaa  exert,  as  they  have  been  sup- 
posed to  do,  a  branchial  function. 

The  nervous  system  consists  of  a  pair  of  cerebral  ganglia 
situated  in  front  of  the  oesophagus,  and  connected  by  long 
commissures  with  the  anterior  of  five  pairs  of  thoracic  gan- 
glia, whence  nerves  are  given  o£f  to  the  limbs.  In  the  mid- 
dle line  the  cerebral  ganglion  gives  off  two  slender  nerves, 
which  run  parallel  with  one  another  in  front  of  the  stomach 
and  enlarge  into  two  ganglia,  whence  they  are  continued  to 
a  double  mass  of  pigment,  representing  the  eyes.  From  the 
outer  angles  of  the  cerebral  ganglion  arise  the  large  nerves 
which  proceed  into  the  peduncle  and  supply  the  sac.  These 
appear  to  correspond  with  the  antennary  and  frontal  nerves 
of  other  Crustacea ;  and  Mr.  Darwin  describes  an  extensive 
system  of  splanchnic  nerves. 

Lepas^  like  the  majority  of  the  Cirripedia^  is  hermaphro- 
dite. The  vesiculse  seminales  are  readily  seen  in  fresh  speci- 
mens, as  white  cords  distended  with  spermatozoa,  which  run 
from  the  canal  of  the  penis,  into  which  they  open,  forward, 
on  each  side  of  the  body,  to  the  prosoma,  where  they  end  in 
dilated  extremities,  which  are  connected  with  a  multitude  of 
ramified  cseca  forming  the  proper  testis. 

The  ovaries  are  ramified  tubes  provided  with  csecal  dila- 
tations, and  lodged  in  the  peduncle.  The  oviducts  pass  into 
the  body,  and,  according  to  Krohn,  terminate  in  apertures 
situated  on  the  basal  joint  of  the  first  pair  of  cirri.*  Two 
"  gut-formed  "  glands,  as  they  are  termed  by  Darwin,  lie, 
one  on  each  side  of  the  stomach,  and  are  probably  accessory 
glands  of  the  reproductive  organs,  analogous  to  those  which 
secrete  the  walls  of  the  ovisac  in  the  Copepoda. 

The  -mode  of  exit  of  the  ova  from  the  ovary  is  not  cer- 
tainly known,  nor  is  the  place  of  their  impregnation  ascer- 
tained ;  but  they  are  eventually  found  cemented  together  by 
chitin  into  large  lamellae,  which  adhere  to  the  ovigerous 
frsena,  and,  ordinarily,  at  once  strike  the  eye  when  the  ca- 
pitulum  of  a  Cirripede  is  opened. 

Yelk  division  is  complete,  and  the  embryo  attains  to  its 
earliest  larval  condition  within  the  egg.  If  a  series  of  ^e 
fresh  ovigerous  lamellae  be  taken  and  pulled  to  pieces  with 

1  The  poBition  of  these  apertures  oorresponds  with  that  of  the  opeDings, 
supposed  to  appertiun  to  the  shell^lands  ia  Limnadia  and  Jput, 


%58 


THE  ANATOMY  OF  mVEBTEBRATED  ANIMALa 


needles  in  a  watcb-glass  full  of  sea-water,  one  is  pretty  sure 
to  be  found  whence  a  number  of  active  little  NiaupliusAike 
animalcules  are  set  free  (Fig.  68,  A).     Each  presents  a  some- 


Fuk  88.— ii.  Larya  of  Balamu  balanoidei  on  le«TliiAr  the  eg;;  (alter  Spence-Bate). 
B.  Attached  papa  of  LqMt  Awftrali»  (after  Darwin):  n,  antennary  apodemes ;  t^ 
got-formed  gland,  with  cement-duct  ronuing  to  the  antenna. 

what  triangular  body,  produced  in  the  middle  line  posteriorly 
and  at  its  anterior  lateral  angles.  The  mouth  is  situated  on 
a  proboscidiform  projection  placed  nearly  in  the  centre  of 
the  body,  and  in  the  midst  of  three  pairs  of  natatory  limbs, 
of  which  the  two  posterior  pairs  have  bifid  extremities.  In 
front  of  the  mouth,  either  in  this  stage,  or  after  one  or  two 
moultings,  two  filaments  are  often  developed.  A  single  eye- 
spot  is  situated  in  front  of  the  bases  of  the  anterior  append- 
ages. After  moulting  several  times  the  larva  assumes  a 
new  form,  passing  into  its  second  stage.  The  carapace  is 
now  oval  and  compressed,  so  as  more  nearly  to  resemble  that 
of  a  Daphnia  or  Ot/pris.  There  are  two  eyes.  The  first 
pair  of  swimming  appendages  of  the  JVauplius  are  converted 
into  antenniform  organs,  each  provided  with  a  sucker,  and 
the  rudiments  of  the  six  pairs  of  cirri  make  their  appearance 
behind  the  mouth.' 

In  the  third  stage,  the  larva  is,  as  Mr.  Darwin  states, 
**  much  compressed,  nearly  of  the  shape  of  a  Cypris  or  mus- 
ole-shell,  with  the  anterior  end  the  thickest,  the  sternal  sur- 
face nearly  or  quite  straight,  and  the  dorsal  arched.  Almost 
the  whole  of  what  is  externally  visible  consists  of  the  cara- 

*  Aocord'mg  to  Glaus  (**  GnindzQge  der  Zoolo^e."  8te  Auilafirei  P-  460),  the 
seoond  pair  of  appendages  disappears,  and  the  third  ^ves  rise  to  the  mandi- 
bles. In  this  case  the  antennary  on»ns  represent  antennules,  and  the  limbs 
of  the  Cirripede  NaupUus  oorrespona  with  those  of  the  Copepod  and  Branohi- 
opod  NaupttuM, 
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pace ;  for  the  thorax  and  limbs  are  hidden  and  inclosed  by  its 
backward  prolongation ;  and,  even  at  the  anterior  end  of  the 
animal,  the  narrow  sternal  surface  can  be  drawn  up,  so  as  to 
be  likewise  inclosed."  The  larva,  in  this  stage,  is  provided 
with  two  large  compound  lateral  eyes,  while  the  median  eye 
is  arrested  in  its  development.  The  oral  tubercle  exhibits  all 
the  gnathites  of  a  Cirripede,  but  they  are  covered  by  an  imper- 
forate integument,  so  that  this  "locomotive  pupa,"  as  Mr. 
Darwin  terms  it,  is  unable  to  feed.  There  are  six  pairs  of 
lags,  and  the  thorax  ends  in  an  abdomen,  consisting  of  three 
somites  terminated  by  two  caudal  appendages.  There  is  no 
penis.  The  most  remarkable  structures  in  the  pupa,  however, 
are  the  "gut-formed  glands,"  which  are  already  well  devel- 
oped, and  from  which  the  cement  ducts  can  be  traced  to  the 
disks  of  the  antenniform  organs,  on  the  faces  of  which  they 
open.  The  pupa,  after  swimming  about  for  a  while,  at  lengtn 
selects  its  permanent  resting-place,  to  which  it  adheres,  at 
first,  only  by  the  action  of  the  suctorial  disks.  The  tempo- 
rary attachment,  however,  is  speedily  converted  into  a  per- 
sistent one,  the  cement  pouring  out  from  its  excretory  aper- 
tures on  the  disks,  and  firmly  gluing  them  and  the  anterior 
end  of  the  body  down  to  the  surface  on  which  they  rest. 

Coin^^idently  with  these  changes,  several  other  important 
alterations  take  place,  during  the  passage  of  the  locomotive 
pupa  into  the  fixed  young  Cirripede.  The  compound  eyes  are 
moulted,  and  with  them  the  antennary  apodemes,  furnished 
by  the  integument  of  the  deep  fold  which  separates  that  part 
of  the  body  of  the  pupa  which  corresponds  with  the  beak  of  a 
Daphnia^  or  of  a  Limnetis^  from  the  prosoma.  The  fold  is 
thus  enabled  to  straighten  itself;  and,  as  a  consequence,  the 
carapace  of  the  Cirripede,  instead  of  remaining  more  or  less 
parallel  with  the  surface  of  attachment,  becomes  perpendicu- 
lar to  it.  Again,  in  the  pupa,  the  axis  of  the  carapace  and 
til  at  of  the  body  are  identical  in  direction ;  but,  during  the 
last  moult,  the  chamber  of  the  carapace  extends  forward  far 
more  on  the  tergal  than  on  the  sternal  side,  separating  the 
tergal  part  of  the  prosoma  from  the  "  beak,"  with  which  it 
was  at  first  continuous,  and  thus  allowing  the  body  of  the 
Cirripede  to  take  its  final  position,  which  is  nearly  transverse 
to  the  axis  of  the  carapace. 

The  terga  and  scuta  now  appear  as  homy  thickenings, 
and,  afterward,  as  calcifications  in  the  wall  of  the  capitulum. 
The  frsena  and  the  penis  make  their  appearance,  and  the 
genitalia  become  developed  in  the  prosoma  and  in  the  pe- 
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dunde,  which  is  produoed  by  the  gradual  eloDgation  of  the 
^  beak  "  of  the  pupa. 

With  the  aasumptioD  of  its  perfect  form,  the  Cirripede 
ceases  to  moult  its  carapace,  ecdysis  being  hereafter  confined 
to  the  inner  lining  of  the  sac,  and  to  the  integument  of  the 
contained  body. 

Such  is  the  structure  and  development  of  a  typical  pedun- 
culate Cirripede.  In  other  genera,  such  as  PoUicipea^  calca- 
reous plates  are  developed  on  the  peduncle,  foreshadowing 
the  compartments  of  the  sessile  forms.  The  latter,  of  which 
JBalantts  may  be  regarded  as  the  type,  differ  in  structure  from 
Ij^ptu  in  no  verv  essential  particular.  The  peduncle,  very 
short  and  broad,  instead  of  slender  and  elongated,  is  incased 
by  its  compartments,  and  is  sometimes  fixed  by  a  shelly  basis. 
The  arrangement  of  the  layers  of  cement  is  often  extremely 
complicated;  the  scuta  and  terga  are  articulated  together; 
the  frsena  are  much  larger  organs,  and  posssibly  subserve  the 
respiratory  function;  the  thoracic  ganglia  are  concentrated 
into  a  single  mass;  and  the  cementing  apparatus  is  much 
more  complicated. 

The  pedunculate  and  sessile  Cirripedia^  taken  together, 
constitute  by  far  the  largest  of  the  three  great  groups  which 
Mr.  Darwin  recognizes ;  namely,  the  JTioracicOj  characterized 
br  having  limbs  attached  to  the  thoracic  somites,  while  the 
abdomen  is  rudimentary. 

The  second  group,  the  Abdotninalia^  contains  only  one 
ffenus,  CryptophicUua  (Fig.  69,  5,  6^,  which  has  no  thoracic 
limbs,  but  is  provided  with  three  pairs  of  abdominal  append- 

rThe  larva  is  very  imperfect  in  its  first  and  second 
ges,  which  are  undergone  within  the  sac  of  the  parent. 
The  third    group,  Apodc^  likewise    contains  only  one 

genus,  the  remarkable  Jhrateolepcu  (Fig.  69,  7),  which  is 
evoid  of  either  thoracic  or  abdominal  limbs  ;  it  has  a  vermi- 
form body,  and  a  rudimentary  peduncle,  represented  by  two 
threads  terminated  by  the  characteristic  antenniform  organs. 
In  the  great  majority  of  the  Cirripedia  the  sexual  appa- 
ratus is  disposed  as  in  JbepoB^  but  Cryptophialus  and  Alcippe 
are  unisexual,  the  male  differing  very  widely  in  form  and  size 
from  the  female  (Fig.  69,  3,  6). 

The  BalanidcB^  or  sessile  Cirripedes,  all  present  the  nor- 
mal sexual  relations  ;  but  the  other  division  of  the  Thorcu^a;^ 
the  Lepadida^  contains  two  genera,  lUa  and  ScalpeUvtm^ 
which  not  only  possess  species  having  the  sexes  in  distinct 
individuals,  but  others  presenting  the  unique  combination  of 
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males  with  henoAphrodites.  Thus,  ScalpeUum  vulgare  is 
bermkpbrodite,  posseasuig  well-developed  male  and  female 
oi^ans.  NeTertheleBs,  od  the  inner  side  of  the  occludent 
margin  of  its  scutum  there  is  a  fold,  over  which  and  imbed- 
ded in  the  spinoae  ohitiaoua  border  of  the  scutum,  a  miaute, 
oval,  saoJike  creature  is  commoolf  found,  firmly  attached  by 


!n  foclioTiBl  Tletr:  H.  HorUT 
iiniD  >i  rdark  i<pe<;Ve  on  lither  >idv  of 
l™i  pjilr  of  drri  ;  t,  I.  n.  three  iee- 

ler  ttiMO  iitjnnriiti,  beiringlho  IhteB 

'ttj  Bbort.    3,  Male  Alclppr :  a,  inic-nmrj  ippend- 

ttlon  of  X  ipvitH  ihell.     6.   CrupiojMiSui 

jBiinifnt  removcil:  «.  Isbrara  ; /,  palpi;  g, 

:Ullpeilo;  e.   wall  of  isc  coutlnned  «I)ot« 

LUC  BpcnaTsa,  o,  i.  m.  abdamlnsl  cirri ;  t.  appendaeea  of  on- 

B.  Hals  OrypliipIUalut.    T.  Protfolepai  liieincta ;  m.  moalh  ;  a.  h. 

. ^^   — .... '—"- -i^pi;ol,.    (After  Danrln.) 


^r.iM 


Into  tbi  rim  of  LBe  apci 

poduicJt  aiii]  anWniu ;  f.  t,  tmIcuI* 


cement  which  covers  the  characteristic  nntennules  of  a  Cir- 
ripede.  Within  the  sac  is  a  thorax,  with  four  pairs  of  nidi- 
mentaiy  appenda^s  terminated  by  a  short  abdomen.  There 
is  neither  mouth,  alimentary  canal,  nor  gnathites,  the  cavity 
of  the  body  being  principally  occupied  by  a  great  seminal 
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vesicle  ;  and  no  trace  of  female  organs  exists.  This  is,  there- 
fore, an  accessory,  or  "  complemental "  male.  In  Scaipeltum 
omatum  the  individuals  are  males  and  females,  two  of  the 
former  being  lodged  in  cavities  of  the  scuta  of  one  uf  the 
latter,  as  in  the  preceding  species,  and  in  S.  rutUutn.  The 
males  have  nu  mouth.  S.  roetratutn  has  complennental  males, 
provided  with  alimentary  organs  attached  to  the  interior  of 
the  sac  of  the  hermaphrodite,  while  S.  Peronii  and  villosum 
have  still  more  perfect  complemental  males  fixed  in  a  like 
position.  In  Ilila  Cutningii,  the  female  has  a  vermiform 
male,  provided  with  well-developed  alimentary  organs  at- 
tached within  her  sao  ;  but,  in  the  only  other  species  of  this 
genus,  I.  quadrivalvi»,  a  similnrly  constructed,  but  here  only 
complemental  male,  is  lodged  in  a  relatively  large  hermaph- 
rodite form. 

With  regard  to  the  habits  of  the  Cirripedia,  the  majority 
are  merely  cemented  to  foreign  bodies.  Anelasma  and  TuH' 
cinella,  however,  partially  bury  themselves  in  the  integuments 
of  the  shark  and  whale,  and  thus  prepare  us  for  Uie'  com- 
pletely boring  habit  of  Cryptophialtia  Z.ithotrya,  and  Alcippe, 
the  latter  of  which  (Fig.  69,  1,  2,  3}  burrows  in  dead  shells 
on  our  own  coasts. 

JProteolepaa  lives  within  the  sac  of  AUpaa  comvta,  and 
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appears  to  be  truly  parasitio  upon  it,  sucking  the  nutritive 
juices  from  the  soft  proBoma  of  the  aoimal  which  it  infests. 
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The  Cirripedia  are  almost  exclusively  marine,  only  a  few 
species  tolerating  even  brackish  water.  The  Thoracica  alone 
have  yet  been  found  in  the  fossil  state.  The  oldest  known 
genus,  PollicipeSy  occurs  in  the  lower  oOlite  ;  there  is  a  single 
cretaceous  species"  of  Verruca^  but  the  sessile  Cirripedes  be- 
come numerous  only  in  the  tertiary  epoch. 

The  Rhizocephala  (PeUogaster^  SaccuUna)  are  small  and 
parasitic  ;  usually  upon  the  abdomen  of  other  Crustctcea 
{Podophthalmia).  The  body  is  like  a  sac  or  disk,  and  devoid 
of  segmentation  and  of  limbs.  The  aperture  of  the  sac  is 
funnel-shaped,  and  supported  by  a  ring  of  chitin.  The  circum- 
ference of  the  funnel  gives  off  a  number  of  root-like  processes, 
which  branch  out  through  the  body  of  the  infested  animal. 
The  alimentary  canal  is  obsolete,  and  there  are  no  cement- 
glands.  They  are  hermaphrodite,  and  the  young,  like  those 
of  the  other  Pectostraca^  pass  through  a  JVauplius  and  a 
Cyprh  stage." 

The  Malacostraca. — ^The  groups  of  Crustacea  known  as 
the  PodophtJudmia^  the  Cumaceay  the  JEdriophthalmia^  and 
the  Stomatopoday  are  here  included  under  this  head. 

The  body  consists  of  twenty  somites  (counting  that  which 
bears  the  eyes  as  one),  and,  ox  these,  six  (bearing  the  eyes, 
antennules,  antennae,  mandibles,  and  two  pairs  of  maxillse) 
constitute  the  head ;  eight  enter  into  the  thorax,  and  bear 
the  foot-jaws  and  ambulatory  limbs  ;  and  six  form  the  abdo- 
men and  swimming  limbs.  In  some  few  instances  the  num- 
ber of  somites  is  reduced,  but  they  never  exceed  twenty. 

The  Naupliuthiorm  of  the  free  embryo  is  rare,  but  occurs 
in  some  cases  {Peneus).  In  others  (Mi/sis)  it  is  represented 
only  by  a  temporary  condition  of  the  embryo,  during  which, 
however,  a  chitinous  cuticula  is  formed,  and  subsequently 
shed  ;  and  what  appear  to  be  remains  of  such  a  transitory 
record  of  an  original  JVduplitM  state,  are  seen  in  many  Am" 
phipoda  and  Jsopoda,  which  nearly  attain  their  adult  form 
within  the  egg.  In  most  Podophthalmia  the  embryo  leaves 
the  egg  not  as  a  JVauplius^  but  as  a  ZocBa^  which  has  thora- 
cic, but  no  abdominal,  appendages,  and  in  many  respects  re- 
sembles a  Copepod. 

>  The  term  (^rt#-Btago,  usually  applied  to  that  condition  of  the  larvsB  of 
the  Pedottraea  in  which  thej  are  provided  with  a  bivalve  carapace,  must  not 
be  taken  to  imply  an^  special  affinity  with  the  Ottraeoda.  On  the  contrair, 
the  larva  in  the  Oyprii^\A%t  is  mndi  more  similar  to  a  Copepod  or  Branom- 
opod. 
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The  Cumacea  take  an  intermediate  position  between  the 
PodopIUhalmia  and  the  JEdriopJUhalmia  on  the  one  hand, 
and  the  PhyUopoda  (Nehalia)  on  the  other.  They  thus  serve 
to  connect  the  Malacostraca  with  the  HJntomastraca. 

The  Podophthalmia. — It  will  be  convenient  to  commence 
the  study  of  the  Malacostraca  with  the  PodopIUhalmia  ;  and 
as  excellent  examples  of  this  division  of  convenient  sije  are 
readily  obtainable  in  the  fresh- water  Crayfish  (Astacits  fluvU 
(XtUis)  and  the  Lobster  {Homarua  vulgaris)^  and  as  they  fur- 
nish a  very  intelligible  guide  to  the  general  plan  of  structure 
of  the  higher  Arthropoday  the  organization  of  Astacus  will 
be  described  at  length.  With  some  unimportant  modifi- 
cations, what  is  said  about  it  will  be  found  to  apply  to  the 
Lobster. 

The  upper  and  anterior  portion  of  the  dense  and  more  or 
less  calcified  exoskeleton  which  covers  the  body  of  Astacua^ 
has  the  form  of  a  large,  expanded,  shield-like  plate,  the  cara- 
pace, produced  into  a  strong  frontal  spine  between  the  eyes, 
and  bent  down  at  the  sides,  so  as  to  reach  the  bases  of  the 
legs.  The  posterior  division  of  the  body,  on  the  other  hand, 
presents  a  very  different  aspect,  being  divided  into  a  series  of 
distinct  movable  somites.  This  is  called  the  abdomen  ;  while 
the  anterior  division,  covered  by  the  carapace,  corresponds 
with  the  head  and  thorax  of  other  Arthropoday  and  receives 
the  name  of  cephalo-thorax. 

On  turning  to  the  ventral  surface  of  the  Crayfish,  a  great 
number  of  limbs  or  appendages,  twenty  pairs  in  all,  are  seen 
to  be  attached  to  the  cephalo-thorax  and  abdomen,  six  pairs 
belonging  to  the  latter  and  fourteen  pairs  to  the  former  re- 
gion of  the  body. 

The  six  pairs  of  abdominal  appendages  are  commonly 
known  as  the  "  false  "  or  "  swimming  "  feet ;  and  it  will  be 
observed  that  they  are  attached  to  the  six  anterior  segments 
of  the  abdomen  only,  the  seventh  being  unprovided  with  any 
such  organs.  Of  the  fourteen  pairs  of  cephalo-thoracic  ap- 
pendages, the  five  posterior  are  called  the  "  ambulatory  "  legs, 
being  the  organs  by  which  the  Crayfish  is  enabled  to  walk. 
Strictly  speaking,  however,  the  anterior  of  the  five  pairs  is 
not  more  ambulatory  than  prehensile,  being  so  modified  as  to 
constitute  the  great  claws,  or  "  chelae." 

Of  the  six  next  pairs  of  appendages,  passing  from  behind 
forward,  five  are  not  at  first  sight  apparent,  the  posterior 
pair,  which  are  applied  over  the  mouth  and  cover  the  others. 
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being  alone  visible.  These,  and  the  two  pairs  which  lie  im- 
mediately under  or  in  front  of  them,  are  called  TncixillipedeSj 
or  ^'  foot-jaws."  The  next  two  pairs,  delicate  and  foliaceous, 
are  the  maxillae ;  while  beneath  or  rather  in  front  of  them 
are  two  strong,  toothed  organs,  the  mandibles.  These,  the 
maxUke  and  the  maxillipedes,  thus  constitute  six  pairs  of 
gnathites. 

The  remaining  three  pairs  of  appendages  occupy  the  sides 
of  the  forepart  of  the  cephalo-thorax,  in  front  of  the  mouth. 
The  most  posterior  pair,  or  the  long  feelers,  are  the  antennas; 
the  next,  or  the  short  feelers,  are  the  antennulse;  while  the 
most  anterior  pair  are  the  movable  stalks,  which  support  the 
eyes  upon  their  extremities — ^the  "  ophthalmic  peduncles,"  or 
"  ophthal  mites." 

To  arrive  at  an  understanding  of  the  composition  of  this 
complex  body  with  its  multiform  appendages,  we  must  first 
detach  and  study  carefully  one  of  the  abdominal  segments — 
say  the  third,  ouch  a  segment  is  nearly  semi-circular  in  ver- 
tical section,  the  dorsal  wall,  or  tergum,  being  very  convex, 
and  where  it  reaches  the  level  of  the  almost  straight  ventral 
wall,  or  sternum,  sending  down  a  flattened  lobe,  which  is  re- 
flected at  its  free  edges  into  a  corresponding  prolongation  of 
the  ventral  wall,  so  that  each  infero-lateral  angle  of  the  seg- 
ment is  prolonged  into  a  hollow  process,  the  pleuron.  Near 
the  outer  extremities  of  the  straight  ventral  portion  of  the 
segment  two  rounded  articular  cavities,  which  receive  the 
basal  joints  of  the  appendages,  are  situated.  A  transverse 
groove  will  be  seen  on  the  tergum,  separating  rather  more 
than  the  anterior  third  of  its  surface,  as  a  smooth,  convex, 
lenticular  facet,  which  is  completely  overlapped  by  the  pos- 
terior margin  of  the  preceding  segment,  when  the  abdomen 
is  extended,  and  is  left  uncovered  only  in  complete  flexion. 
This  is  the  tergcU  facet,  A  corresponding  flattened  and  rath- 
er excavated  surface  upon  the  anterior  half  of  the  pleuron, 
which  is  similarly  overlapped  by  the  preceding  pleuron,  and 
is  left  uncovered  only  in  complete  extension,  may  be  termed 
the  pleural  facet.  It  will  be  observed  that  there  is  a  close 
correspondence  between  the  skeleton  of  an  abdominal  somite 
of  a  Cray-fish,  and  that  of  a  thoracic  somite  of  a  Trilobite  ; 
except  that,  in  the  latter,  the  sternal  region  is  not  calcified. 

The  appendages  of  the  segment  (Fig.  71,  IT)  are  very  sim- 
ple, consisting  of  a  cylindrical  basal  portion,  divided  into  two 
joints,  a  shorter  proximal,  and  a  longer  distal,  to  the  latter  of 
which  two  terminal  many-jointed  maments  are  articulated. 
12 
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Fig.  ll.^Aataeut  JluvialUis.  A,  Mandible:  a,  h,  endopodlte  ;  o,  its  tenninal  Joints 
constituting  the  palpus  of  the  mandible.  B.  First  maxilla.  C  Second  max- 
illa. />.  First  maxillipede.  E.  Second  maxillipede.  F.  Tliird  maxlllipede.  All 
the  preceding,  except  i?,  are  left  limbs.  Q.  Ambulatory  \e^.  U.  Appendage  of 
first,  and  /or  second,  abdominal  somite  in  the  male.  a.  Appendage  of  thira  ab- 
dominal somite.  L.  Sixth  abdominal  somite,  wiib  its  appendages  and  telson : 
a,  6,  endopodite;  c,  exopodite:  cf.  epipodite;  e,  setaceous  filaments  attached  to 
coxopodite ;  j;,  tergnm  ot  sixtn  abdominal  somite;  y,  s,  the  two  divisions  of  the 
telson.  In  0 :  2,  basipodite  ;  8,  ischiopodite ;  4,  meropodite  ;  6,  carpopodite ; 
6,  propodlte ;  7,  dactylopodite.  viA^d  marks  the  tendon  of  the  adductor  muscle, 
and  in  K  the  Joints  of  a  6  and  e  are  not  sulficiently  numerous.  M.  Transrerse 
section  of  half  a  thoracic  somite  (a) :  6,  coxopodite :  <;,  basipodite ;  et,  ischiopo- 
dite :  A,  branchiferouB  epipodito  ;  /,  g^  branchiae;  «,  filiform  appendage.  N.  One 
of  the  branchiferous  cpipodites  :  a,  its  point  of  attachment ;  6,  basal  enlarge- 
ment; c,  branchial  filaments;  </,  terminal  lobes. 

The  inner  of  these  is  distinguished  from  the  outer  by  possess- 
ing a  more  elongated  and  wider  basal  joint.  The  whole  basal 
division  of  the  appendages  is  the  protopodite;  while  the  in- 
ternal and  external  terminal  filaments  are  the  endopodite 
(a,  h)  and  exopodite  (c). 

An  abdominal  segment,  or  somite,  then,  is  composed  of  a 
tergum,  two  pleura,  and  a  sternum  ;  but  it  must  be  remem- 
bered that  these  terms  rather  indicate  regions  than  anatomi- 
cal elements,  the  whole  segment  being  continuously  calcified, 
and  no  sutures  or  other  absolute  demarcations  separating 
one  portion  from  another.  Furthermore,  the  somite  carries 
two  appendages,  each  divided  into  a  proximal  portion  or  pro- 
topodite, terminated  by  two  branches,  the  endopodite  and 
exopodite. 

The  whole  exoskeleton  of  the  AstacuSy  however  various 
may  be  the  appearance  of  its  different  parts,  consists  of  so- 
mites and  appendages  essentially  similar  to  those  which  have 
just  been  described,  but  which  are  more  or  less  masked  by 
the  connation,  the  coalescence,  the  abortion,  or  the  extreme 
modification  of  their  primitive  elements. 

If,  in  the  first  place,  we  follow  out  these  modifications  in 
the  posterior  somites,  we  find  the  fourth,  fifth,  and  sixth 
abdominal  somites  to  be,  in  all  essential  respects,  similar  to 
the  third ;  but  the  appendages  of  the  sixth  (Fig.  71,  L)  are 
singularly  changed,  the  protopodite  being  represented  by  a 
single  strong,  short  joint,  and  the  exopodite  and  endopodite 
having  the  form  of  wide,. oval  setose  plates.  The  exopodite 
is  again  divided  into  two  portions  by  a  transverse  joint.  The 
seventh  division  of  the  abdomen  (Fig.  71,  X,  y,  z)  is  the  telson. 
This  telson  bears  no  appendages  ;  dorsally  it  is  completely 
calcified,  but  is  divided  by  a  transverse  suture  into  two 
portions,  the  posterior  of  which  is  movable  upon  the  other ; 
ventrally,  on  the  contrary,  it  is  only  the  posterior  part  which 
is  fully  calcified,  the  middle  of  the  anterior  portion,  in  which 
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the  mniiF  »  &ii4iftt^iL  tftrdxir  rriinTuf<iK:r  memlcuHxiSy  mud  the 
iadef  ciii}t  bcii^r  KtrfSUTiiK^f^c  ^  r  r4u.'mTeD(iK  plates  extend- 
ing iuwu-d  ir-.oii  ihe  d. !?<;&];  'lu^«^  skt-j^uu  ekanent^  <»"  Mfero- 

Tb*  p:»vfirful  tfcil-fiii  jif  thr  Afi^itruf  »  fcrmed  by  the  tel- 
BOZL  c^amhiittid  viiii  i^  Tiro  dis;ju  dhiams  of  the  nxth  ab- 
dcimmiLj  it]«pfiBd&|r<^  •roi  oftrl  fuif.  1^  other  abdomiDal 
fe^mjd&rt^  cam  hkvt  vfcx  In^if  :tT.fiuf!Dne  od  looomotioii.  In 
liie  iemiiW^  hdrertir.  iJbf'T  piljkT  kj-  isswxksi  put  as  the  car- 
rj«*  ciu  lite  er;!!^  :  A.iii  iz.  i>*iii  jv  x  liiffr^  is  zroching  worthy 
tif  Hfieiniid  noiJK  Jkt»:t«ii  the-  £?£«  And  sifcocia  abiominsl  somites 
ur  liktiir  i4^^»e!Dd&c«$w  exf^-^ps  iJUiS  iibas<  cif  the  first  sre  nidi- 
BmxLUT.  Izi  the'  xnmSe  ;h^  Jhroe!X)a&£>e«  of  these  two  somites 
hsTfr  TmSt-Trcmkf  &  rerr  iiiKsKrssizkC  Viecuxkcffphosis*  whereby 
ihrr  uTir  "frruehi  lo  sutiJvsTie'  n;c»*:i*ijjvr^  TV>se  of  the  second 
•cmiw  1  Fir.  Il«  /  ^  are  e^.^.fciycvi,  &zki  ibe  pnotopodite  and 
basal  JMzii  of  u>^  eoiwiptxii;^'  ^re  is^r^  c j.d^iraxed ;  the  latter 
beinz  pirc»dTi«s2  iaiemaliT  inio  k  p '^aIc  r.Cjcd  upon  itself,  and 
then  Lie-  o-.-ocaiTe  o*4-i"«  ard  ju^i  :Vc"«;fcrd.  I:  is  &5  kmsr  as  the  rest 
W  ihxr  f-iii:'pc«ii;e  \^  which,  l.tur  ibe  c'x.^jxvi-.ie,  is  xr;aiiT- join  ted), 
and  spires  as  a  5»c«^  of  she«i^  foe  ;  *>o  rtxvpTJcm  of  the  append- 
a^  vi  ihe  £rs:  ahicvmirvju  s.\r-i:e  <  Fiir.  T -•  ^K  which  con- 
sists of  a  siniTie  plase  TvCxxi  ui\>::  :;^x:  i"  a  similar  manner, 
»>  as  TO  rvMriclCe  a  crvvTxxi  <:y^\  TV  -.vs*:-  j.r^ns.  doubtless, 
help  \c»  cx^nvev  ibe  sj^miato^.-^res  fr.cn  ibe  male  genital 
apertures  lo  ihe  Kxiv  of  ihe  fon*a]t\ 

The  c<»Tiif»act  aiK:  £rrw  «»phaiO-<}K"cax  s<>eins  al  first  to  dif- 
fer widelv  from  the  fle\ibit\  nMinT-vxniod  aSiomen  ;  bat  the 
most  posterior  of  iis  st^miies  i^^^ers  an  inrorv^siinir  transition 
from  toe  one  lo  the  v>ther.  This  s^^niiio  is,  ia  fact,  only  united 
bv  membrane  to  that  whioh  pivctxies  ii,  and  is  hence,  to  a 
certain  extent,  movab!-*.  I:s  sternal  iy>rt:on  is  completely 
calciiied,  but  the  ^phr^.m  *  ar^  onlr  paniallv  oAKnfied. 

The  appendages  of  this  somite  liiffer  wkitlv  fn»m  those  of 
the  abdomen,  representing  «as  their  deveK^pment  shows)  only 
the  proiopodite  and  endopodite  of  the  latter.  Elaeh  is  a  long, 
firm  lejr,  composed  of  seven  joint;<s  the  prv^ximal  one  being 
thicker  than  any  of  the  rest,  while  the  tonuinal  joint  is  nar- 
row, cuired,  and  pointed.  To  these  seven  joints  Milne-E3d- 
wards  has  applied  the  following  terms  (Fie  7U  O):  The 
proximal  one,  which  articulates  with  the  somite,  is  the  caxo- 

*  The  term  epim^ron  u  here  employ ^1  in  « luorv  ^pe<ial  »enM  than  that 
comiDonI y  ii«(ed,  to  denote  thit  p«rt  of  the  bueml  w»11  of  «  90QUfi«  whidi  is 
situated  Between  the  aiticnladon  of  the  appendadre  azid  the  pleui^Mi. 
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podite  (1)  ;  the  next,  small  and  conical,  is  the  basipodite  (2) ; 
the  third,  cylindrical,  short,  and  marked  by  an  annular  con- 
striction, is  the  ischiopodite  (3)  ;  next  comes  a  long  joint, 
the  meropodite  (4) ;  then  the  carpopodite  (5)  and  propodite 
(6)  ;  and,  finally,  the  terminal  ductylopodite  (7).* 

The  next  four  somites,  proceeding  anteriorly,  have  a  sim- 
ilar general  character  to  that  which  has  just  been  described, 
but  they  cease  to  be  movable  upon  one  another,  partly  by 
reason  of  the  calcification  of  the  interepimeral  and  inter- 
stcmal  membranes,  partly  on  account  of  the  development  of 
these  membranes  by  a  folding  inward,  or  involution,  into 
processes,  the  apodemes^  which  project  inward  and  unite 
with  one  another  in  the  cavit}'  of  the  thorax.  In  an  Astacua 
which  has  been  macerated— or,  better,  boiled  in  caustic  alkali 
— the  floor  of  the  thoracic  cavity  is  seen  to  bo  divided  into  a 
number  of  incomplete  cells,  or  chambers,  by  these  apodemal 
partitions,  which  will  be  observed,  on  careful  examination, 
to  arise  partly  from  the  interstemal,  partly  from  the  inter- 
epimeral, membrane  connecting  every  pair  of  somites.  The 
former  portion  of  each  apodeme  is  the  endostemite,  the  latter 
the  endopleurite^  of  Milne-Edwards.  As  a  general  rule,  each 
endosternite  is  distinguishable  into  three  apophyses:  the 
arthrodialy  which  passes  outward  and  unites  with  the  de- 
scending division  of  the  endopleurite  to  form  one  boundary  of 
an  articular  cavity  for  a  limb ;  the  mesophragmal^  which  is 
directed  inward,  uniting  with  its  fellow,  and  forming  an  arch 
over  the  passage  left  in  the  middle  line  between  each  pair  of 
endosternites — the  so-called  sternal  canal  ;  lastly,  the  para- 
phragmal  division  is  a  small  process,  which  passes  forward, 
upward,  and  outward,  and  unites  with  the  anterior  division 
of  its  own  endopleurite,  and  with  the  posterior  division  of  the 
endopleurite  in  front  of  it. 

The  endopleurite  likewise  divides  into  three  apophyses, 
one  descending  or  arthrodial,  and  two  which  pass  nearly 
horizontally  inward  :  the  anterior  horizontal  apophysis  unit- 
ing with  its  own  paraphragmal  apophysis,  the  posterior  with 
the  paraphragmal  of  the  antecedent  endosternite.  The  pos- 
terior horizontal  apophysis,  therefore,  crosses  the  space  be- 
tween every  pair  of  apodemes  diagonally,  whence  the  ap- 
pearance of  a  double  row  of  longitudinal  cells  opening  above, 
on  each  side  of  the  sternal  canal.     It  will  be  understood, 

>  Probably  the  coxo-  and  basipodite  together  answer  to  the  protopodite  of 
the  Abdominal  appendage,  the  remaining  joints  representing  the  endopodite. 
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liowoM'r,  X\\M  lho«o  iH'lU  art'  vory  incomplete,  communicating* 
Yk\\\\  \Mio  iui\»choi'  uiitoriorly  and  |x>»toriorly  by  the  large 
ikiHU'  I  \  I  u^4  Iv  U  U^  ( w  ci'ii  t  ho  ondit^^ternitos  and  endopleurites ; 
Hud  l.4ioi«kU\»  t»\  iht*  *|wivv*  Iviweon  the  endosternites, 
ihuuk^h  wUu'h  OAoh  M»iios  ojh'us  into  the  sternal  canal ;  while 
i4Uvk^\S  iho\  Mtv  lu  iKv  %vmuiuiuoation  with  the  thoracic 
04\il\.  rho  .^(Ks.louu\H  ji^ivo  Attjiohmeui  to  the  muscles  of 
(Kv^  •4)nviuUa£\vs  \%tulo  chv"  oKdiiu  v«t  pinglia  and  the  sternal 

iHio  .4^^(VUxUjif\Vk  v^:  •.Ssk"  ivaul:  iuiaio  rvsemble  those  of 
iSo  Uii  iS^^»*wUv  xv-'iu.io,  tvi:  i-K"  tbrtv  'j^niVtxiinir  pairs  differ 
iUMU  fcSvM*  >\  Nv»iu^  .-.K-.-tiv-  -;hAt  i-^  by  havinjT  the  posterior 
dusi.il  .4.»j<iv  v^:  s:»o  i.viv*;s.vi.:\,'  l•^^.^.i-^.\xl  so  a*  to  equal  the 
vhivU^'jKsiiw  ^»  oiij^^N,  A'^^^i  •.ii->  vx*tts:::jL:e  a  sort  of  oppos- 
4tvlv*  "iii^vt  A»i  •.  ,?V  —  *  ^'*  ^**  • '-  ^'^'^  -^^  ambulatory  or 
IV.X  .^.-.K-^lU'  ".I'-aX  .t^.*.i\  IS  r^TiiarkaMe  for  ;:*  creat  size  and 
i::%:i.c*i,  ^  Ki    Kv  la,'    4:ikvlosis  of   i;5  hasiivdito  with  the 

I'K-  u»:;'.  Aiiiorior  p^iirs  of  ambulatory  l;:v.bs  differ  from 
v.^s^  ^.♦'ii  ivm  i»  iKx^sessiiiff  a  l.>ng  ourrod  ariv^udaire  (Fig.  71, 
\  V  «  hiv-h  ASvvnd*  frv>iu  the  coxopoviito,  with  whioh  it  is  artic- 
uUlo.U  .^nd  p.is^'s  into  the  branchial  ohambor,  in  which  it  lies. 
Huji  ij*  I  ho  t'^*f^KHiite  :  its  relation  to  the  funotion  of  respira- 
\\  »ii  will  be  adwrtod  to  presently. 

The  sicrn:i,  which  an*  wide  in  the  thrvN?  hindmost  thoracic 
sKMuitcs,  bcoomo  vorv  nam>w  and  almost  linear  in  the  ante- 
ri\*r  o.u'*.  Thov  and  ihoir  apodemos,  however,  remain  per- 
f iVt  1 V  ivcv>ijni£ablc. 

The  sternal  re i» ions  of  the  three  maxillifvdary  somites 
have  the  samo  characters,  their  appendages  and  articular  cavi- 
ties bt^'oiuing  smaller;  while,  by  the  eontemp>oraneous  exces- 
sive narrowing  of  the  interarticular  regions  of  the  sterna, 
these  cavities  are  eU>sely  approximated. 

The  sternum  of  the  next  anterior  somite  (bearing  the 
Heoon  I  pair  of  maxilhe),  on  the  other  hand,  though  very  nar- 
row from  before  backward,  has  a  considerable  width,  and  its 
articular  cavities,  already  much  larger  than  those  of  the  ante- 
rior max illi|>edary  somites,  are  consequently  thrown  outward. 
Uenee  results  a  sudden  widening  of  the  second  maxillary,  as 
compared  with  the  first  maxilli(>edarv  somite;  and,  as  a  con- 
sequence, we  find  a  deep  fold  or  depression  on  the  sides  of 
the  body  where  these  two  somites  join.  Tliis  fold  is  directed 
upward  and  backward  on  the  flanks  of  the  body,  parallel  with 
an  important  impression  on  the  carapace,  the  cervical  groove. 
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Not  only  on  this  ground,  but  because  the  fold  really  repre- 
sents a  true  neck,  or  separation  between  the  head  and  thorax, 
it  may  approximately  be  termed  the  cervical  /old.  The 
scaphognathite  (Fig.  71,  C,  c,  d),  an  important  appendage  of 
the  second  maxilla,  lies  in  this  cervical  fold. 

The  appendages  of  the  three  maxillipedary  somites  (Fig. 
71,  D^  JEJ^  JP)  are  highly  interesting,  inasmuch  as  they  afford 
transitional  forms  between  the  ambulatory  limbs  and  the 
gnathites.  Each  maxillipede  is  composed  of  three  divisions, 
articulated  with  a  stout  protopodite.  The  outermost  of  these 
divisions  is  a  curved,  elongated  lamina  {d ),  precisely  resem- 
bling the  epipodite  of  the  posterior  thoracic  limbs  in  the  two 
hinder  maxillipedes  (^  F)  ;  but,  in  the  anterior  (2>),  not 
modified  so  as  to  serve  as  a  branchia,  and  rather  approaching 
the  scaphognathite  in  form. 

The  middle  division  of  each  maxillipede  (c),  answering  to 
the  exopodite,  is  long,  slender,  many-jointed,  and  palpiform ; 
while  the  inner  division,  or  endopodite  (a,  5),  not  only  corre- 
sponds with  one  of  the  ambulatory  limbs,  but  in  the  posterior 
maxillipede  (Fig.  71,  J^)  very  closely  resembles  one,  and  con- 
tains the  same  number  of  joints.  In  the  next  maxillipede, 
however  (Fig.  71,-^),  the  endopodite  is  proportionally  shorter, 
and  in  texture  and  form  rather  approaches  the  foliaceous  en- 
dopodite of  the  anterior  maxillipede  (Fig.  71,  D),  in  which  a 
flat  plate  is  applied  to  the  posterior  surface  of  the  slender 
exopodite.  A  perfect  transition  is  thus  produced  between 
the  corresponding  divisions  of  the  second  maxillipede  and  of 
the  second  maxilla. 

The  intermaxillary  apodeme,  or  that  developed  from  the 
connecting  membrane  of  the  two  maxillary  somites,  is  very 
remarkable  for  its  stoutness  and  for  the  great  size  and  ex- 
panded form  of  the  mesophragmal  processes,  which  unite  into 
a  broad  plate,  whence  prolongations  are  sent  forward  and 
outward,  in  front  of  the  tendon  of  the  great  adductor  mandv- 
btUm  muscle  on  each  side.  These  prolongations  appear  to  be 
the  calcified  posterior  horizontal  apophyses  of  the  mandibulo- 
maxillary  apodeme,  which  elsewhere  remains  membranous. 

The  second  maxilla  (Fig.  71,  G)  much  resembles  the  an- 
terior maxillipede,  but  the  epipodite  (d)  and  exopodite  (c) 
appear  to  be  combined  into  a  wide  oval  plate,  the  scapho- 
gnathite^  of  which  mention  has  already  been  made.*  In  the 
first  maxilla  (Fig.  71,  B)  the  epipodite  and  exopodite  appear 

1  Until  the  development  of  these  appendages  haa  been  worked  outj  the  de- 
tennination  of  the  homolofj^ea  of  their  parts  must  be  rej^arded  as  provisionaL 
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to  be  undeveloped,  and  the  joints  of  the  endop>odite  are  com- 
pletely foliaceous.  The  somite  which  supports  the  mandibles 
is,  to  a  great  extent,  membranous  in  its  sternal  region ;  it  is 
united  with  the  corresponding  region  of  the  first  maxillary 
somite,  itself  represented  merely  by  a  narrow,  distinctly  cal- 
cified, band,  in  front  of  the  second  maxillary  sternum,  by  mem- 
brane only.  In  this  membranous  space  the  elongated  aper- 
ture of  the  mouth  is  situated. 

On  each  side  of  and  behind  the  mouth  are  two  little 
elongated  oval  calcified  plates,  between  which  an  oval  pro- 
cess, setose  at  its  extremity,  proceeds  downward  and  for- 
ward, and  lies  in  close  apposition  with  the  posterior  face  of 
the  mandible  of  its  side.  This  is  one-half  of  what  is  termed 
by  most  authors  the  lahiunij  but,  to  avoid  confusion  with  the 
labium  of  Insecta^  from  which  it  is  wholly  different,  it  may 
be  called  the  metastoma  (Fig.  72,y).  It  obviously  answers 
to  the  structure  so  named  in  the  Copepoda, 

The  mandibles  fill  up  a  large  space  in  the  sternal  mem- 
brane, with  which  their  edges  are  continuous  on  each  side  of 
the  oral  aperture  ;  externally,  the  sternal  membrane  bends 
suddenly  downward  into  the  pleural  ridge,  continuous  with 
the  branch iostegite  of  the  carapace,  and  becomes  calcified; 
while,  anteriorly,  it  is  very  difficult  to  say  where  the  mandi- 
bular sternum  terminates.  In  front  of  the  mouth  the  sternal 
membrane  becomes  developed  into  a  large  median  lobe,  con- 
taining three  small  calcified  plates  on  each  side  of  the  middle 
line.     This  is  the  labrum  (Fig.  72,  e). 

The  mandible  itself  (Fig.  71,  -^)  is  thick  and  strong  at  its 
inner  end,  where  it  is  divided  by  a  deep  excavation  into  an 
upper  and  a  lower  portion  (a,  5),  the  edge  of  each  being 
toothed.  The  outer  division  of  the  mandible  extends  along 
the  whole  width  of  the  somite,  and  tapers  to  its  extremity, 
which  presents  an  articular  head,  the  outer  condyle.  At- 
tached to  its  anterior  margin  is  the  palp  (o),  which  represents 
the  terminal  joints  of  the  mandibular  endopodite.  The  ex- 
opodite  and  the  epipodite  have  no  representatives  in  this  ap- 
pendage. Superiorly,  the  outer  portion  of  the  mandible  is 
concave,  and  its  posterior  edge  gives  attachment  to  the  cal- 
cified tendon  of  the  adductor  mandibulas  (d). 

In  front  of  the  labrum  and  mandibles  is  a  wide,  somewhat 
pentagonal  area,  prolonged  into  a  point  in  the  middle  line 
forward,  and  presenting  a  small  spine  on  each  side ;  this  is 
the  epistoma  (Fig.  72,  B^  I),  and  it  is  chiefly,  if  not  entirely, 
formed  by  the  sternum  of  the  antennary  somite.     On  each 
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side  of  its  triangular  anterior  extremity  it  presents  a  vide 
articular  cavity  for  the  articulation  of  tlie  antennee.  In  these 
OT^ns  (Fig.  73,  S,  d)  the  same  parts  can  be  recognized  as  in 


r*i,  H— it.  Anterior  citnmItT or  Ibn  cephtlo-tboni of  ititiieiu.  witbaportionoT 
Uh  euapMB  ramoTfd.  B.  Varttcal  wcUoa  at  the  *nt0rlar  part  of  tha  cephtlo- 
Iborax;  a,  roitmm  ;  A,  ophthalmic  pedoocles  ;  c^nDteamila  ;  ff.  anteoDie;  t,  h- 
bnim ;  /.  melMtonu  ;  g,  on]  ipertnn ;  h,  procephillc  )iroe»aMe  ;  1.  ophthalmia 


tiie  other  appendages,  viz.,  an  imperfect  basal  joint,  produced 
into  a  prominent  cone,  perforated  behind  and  interual  to  its 
apex,  and  hero  called  coxocerite.  Next,  a  baatcerite,  to  the 
outer  portion  of  which  a  flattened  plate,  the  representative 
of  the  exopodUe,  and  here  called  the  acaphocerite,  is  articu- 
lated ;  while  to  its  inner  portion  an  iichiocerite  is  connected, 
bearing  a  merocerile  and  carpocerile,  while  the  last  segment, 
oiprocerite,  consists  of  a  long  multi-articulate  filament.  '- 

The  sterna  of  the  next  two  somites  are  narrow  and  elon- 
gated; that  of  the  antennary  somite  is  well  calcified,  but 
that  of  the  ophthalmic  somite  is  almost  entirely  membranous. 

The  anteiinules  (Fig.  ?2,  £,  c)  present  an  enlarged  tri^nal 
basal  joint,  succeeded  by  two  others.  These  represent  the 
protopodite,  and  carry  at  their  extremities  two  mamy-jointed 
filaments,  which  probably  represent  the  exo-  and  endopodites. 

The  peduncles  of  the  eyes  (Fig.  72,  b),  lastly,  are  com- 
posed of  two  joints,  a  small  proximal  bastophthalmile,  and  & 
larger  terminal  podophlhalmite. 

Such  are  the  struoture  and  arrangement  of  the  sternal  por- 
tions of  the  several  cephalo-thoracio  somites,  and  the  nature 
of  their  appendages.  On  regarding  the  sternal  region  as  a 
whole,  there  are  yet  some  very  important  points  (the  morpho- 
logical value  of  which  has  been  fully  pointed  out  by  Milne- 
Edwards)  to  be  noticed.  A  longitudioal  median  section, 
in  fact,  shows  that,  while  a  line  drawn  through  the  sterna  of 
the  somites  behind  the  mouth  is  nearly  straight  and  parallel 
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with  the  axis  of  the  body,  a  similar  line  drawn  through  the 
sterna  of  the  somites,  in  front  of  the  mouth,  ascends  as  it 
passes  through  the  antennary,  antennulary,  and  ophthalmic 
sterna,  and  thus  takes  a  position  at  right  angles  to  the  former 
line  (Fig.  72,  -B).  The  sterna  of  the  somites,  in  front  of  the 
mouth,  are,  therefore,  bent  up  so  as  to  look  forward  instead 
of  downward ;  and  it  is  of  essential  importance  to  bear  in 
mind  this  cephalic  flexure^  in  considering  the  structure  of  the 
head  in  these  and  other  Arthropoda, 

Just  as  the  lateral  regions  of  the  abdominal  somites  are 
produced  into  the  pleura^  so  are  the  lateral  regions  of  the 
cephalo-thorax  similarly  prolonged.  Thus  the  membranous 
lateral  walls  of  the  posterior  cephalo-thoracic  somite  are  re- 
flected superiorly,  and  bent  down  again  to  the  level  of  the 
bases  of  the  legs,  where  they  become  continuous  with  a  calci- 
fied layer  corresponding  with  the  tergal  half  of  the  pleura, 
and  forming  the  posterior  part  of  the  carapace.  In  like  man- 
ner, the  more  or  less  calcified  epimera  of  all  the  other  somites 
are  reflected  superiorly  into  a  membrane  which  passes  down- 
ward, and  the  free- lower  edge  of  which  is  continuous  with 
the  edges  of  the  carapace.  The  carapace,  therefore,  corre- 
sponds in  position  with  the  terga  and  tergal  halves  of  the 
pleura  of  all  the  somites  which  are  thus  reflected  into  it,  and 
these  somites  include  all,  without  exception,  from  the  last 
thoracic  to  the  ophthalmic.  Posteriorly,  the  edges  of  the 
carapace  are  a  little  prolonged  beyond  the  last  thoracic  somite, 
and  take  the  form  of  a  fold,  with  an  under  layer  distinct  from 
the  upper.  Anteriorly,  in  the  middle  line,  the  carapace  is 
prolonged  in  a  similar  manner,  hut  to  a  much  greater  extent; 
it  thus  gives  rise  to  the  long  rostrum^  which  overhangs  the 
sterna  of  the  ophthalmic  and  antennulary  somites.  At  the 
sides  of  the  antennulary  and  antennary  somites  the  rostral  pro- 
longation of  the  carapace  is  the  direct  continuation  outward  of 
the  epimera  of  those  somites,  and  there  is  nothing  to  be  com- 
pared to  an  apodeme  ;  but  the  sternum  of  the  ophthalmic  so- 
mite, after  giving  off  the  lamella  which  forms  the  inferomedian 
region  of  the  rostrum,  is  prolonged  on  each  side  of  the  middle 
line  backward  and  outward  into  a  free,  expanded,  thin,  cal- 
cified process,  which  applies  itself  against  the  carapace  by  its 
upper  surface,  and  by  its  under  surface  gives  attachment  to 
the  anterior  gastric  muscles.  Corresponding  processes  are 
developed  from  the  carapace  itself,  in  some  Podophthcdmia 
(e;  g.,  Galatheay  CarcintU)^  for  the  attachment  of  the  poste- 
rior gastric  muscles.     From  the  last  thoracic  to  the  maxilli- 
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pedaiy  somites,  the  pleural,  or  free  part  of  the  carapace, 
termed,  from  its  function,  the  branchiostegitey  or  cover  of  the 
gills,  incloses  a  wide  space,  bounded  internally  bj  the  epimera 
of  the  somites.  This  is  the  branchial  chamber.  In  front  of 
the  maxillipedes  and  cervical  fold,  however,  the  chamber  sud- 
denly becomes  narrowed  by  the  rapid  widening  of  the  sterna 
of  the  maxillary  and  mandibular  somites,  and  by  the  lowering 
of  the  point  at  which  the  reflection  of  their  epimera  into  their 
pleura  takes  place  Finally,  on  the  antennary  somite,  and  in 
front  of  it,  the  pleuron  becomes  a  mere  fold  separated  by  a 
shallow  groove,  the  representative  of  the  branchial  chamber, 
from  the  epimera. 

On  the  dorsal  surface  there  is  no  indication  of  any  divis- 
ion of  the  carapace  into  terga  corresponding  with  the  sterna 
of  the  somites,  but  it  is  marked  by  a  well-defined,  curved 
groove,  the  posterior  convexity  of  which  extends  across  the 
carapace,  rather  behind  its  middle,  and  the  lateral  portion  of 
which  runs  downward  and  forward,  toward  the  anterior  part 
of  the  antennary  sternum.  This  is  the  cervical  groove  ;  that 
part  of  the  carapace  which  lies  in  front  of  it  is  the  cephaloste' 
gitCy  while  that  which  is  behind  is  the  omoategite. 

The  omostegite,  again,  is  divided  into  three  portions  by  a 
groove  on  each  side  of  the  middle  line — ^the  branchiocardiae 
grooves.  The  branchiocardiae  groove,  and  the  lateral  por- 
tion of  the  cervical  groove,  on  the  dorsum  of  the  carapace, 
correspond  very  closely  with  the  line  at  which  the  epimeral 
is  reflected  into  the  pleural  membrane,  on  its  ventral  surface. 
The  transverse  portion  of  the  cervical  groove,  on  the  other 
hand,  corresponds  with  the  posterior  boundary  of  the  stom- 
ach and  the  anterior  extremity  of  the  heart,  and  continues 
inward  the  line  of  the  cervical  fold  ;  so  that,  in  a  longitudi- 
nal section  of  an  AstacuSy  the  direction  of  the  cervical  fold, 
if  followed  upward  and  backward,  strikes  against  the  inner 
surface  of  the  carapace,  at  a  point  corresponding  with  the 
summit  of  the  cervical  groove,  on  its  outer  surface.  By  cut- 
ting through  the  cervical  fold,  therefore,  through  the  mem- 
brane joining  the  second  maxillary  with  the  first  maxillipe- 
dary  sternum,  and  through  the  carapace  in  the  transverse 
part  of  the  cervical  groove,  it  is  possible  to  separate  an  ante- 
rior portion  of  the  cephalo- thorax,  containing  the  whole  of 
the  cephalostegite,  and  the  first  six  somites,  with  their  ap- 
pendages, from  a  posterior  portion,  consisting  of  the  omos- 
tegite, and  the  last  eight  cephalo-thoracic  somites.  And,  in 
making  this  artificial  separation,  we  should  be  merely  cany- 
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\ng  out  a  diatinction  between  these  two  sets  of  somites, 
uln^Att y  vory  clenrly  indicated  by  the  cervical  fold  and  groove. 

U  IM  for  this  reason  that  I  differ  from  Milne-Edwards  in 
rt^ganliiur  tho  somito  which  bears  the  first  maxillipedes  as  the 
Hmt  of  tno  thorax^  and  not  as  the  last  of  the  head.  And  the 
ao\H^ptauiH>  of  this  natural  delimitation  of  the  head  in  the 
highor  i  ^tHMiMi^fxt  has  the  advantage  of  brining  its  structure 
into  a\HH^nUiKH>  with  that  of  the  same  region  in  the  Snto- 
mK^Mrsu\9^  in  which  it  is  th<^  rule  that  the  head  pK>ssesses  eyes, 
autcuuulos  antonlla^^  nvundibles,  and  two  pairs  of  maxillse. 

Auv^hor  mark  u^khi  the  carapace  is  a  large  and  rounded 
Cvmvcvii  Y^  vHvuiwiw^  nearly  a  third  of  the  whole  width  of 
|Ih«  )HM»t\'4ri\ur  HaU  i>f  the  cephalostegite.  This  impression  is 
InmiiiKsl  iut^HtM^Ky  by  a  Kne  drawn  from  the  outer  angle  of 
IK^  bj»\*  \vf  the  r\vilrum«  directly  backward,  and  externally 
^V  a  v^^4^Y\\l  vKwe^smk^K  deepening  into  a  pit  anteriorly ;  it 
sVM\v4(K^iv.U  with  the  attachment  of  the  base  of  the  adduc- 
IvU'  u^WMs'W  vKf  the  inaudible. 

iH^o  uK^vvth  v^f  the  Cray  fish  is  a  wide  aperture,  situated 
l»a$\\v>ou  tho  Ubrum  in  front,  the  metastoma  behind,  and  the 
uv^UviiWvv*  vui  each  side.  It  serves  as  the  entrance  to  an 
e^iuaiiv  wUlo  iWiophagus,  a  short  tube  with  plaited  walls, 
\Naiv^  takoa  a  slightly  curved  direction  upward  and  a  little 
U^vkwaixl,  U^  open  into  the  large  stomach,  which  is  not  only 
attuatixl  directly  over,  but  extends  forward  in  front  of  the 
gullet.  Tho  stomach,  in  fact,  occupies  almost  the  whole 
^\avity  of  the  body  in  front  of  the  cervical  suture,  and  is 
divided  by  a  constriction  into  a  large  anterior  moiety,  the 
cardiac  division,  and  a  small  posterior,  pyloric  portion.  The 
anterior  half  of  the  cardiac  division  has  the  form  of  a  large 
membranous  bag,  the  inner  surface  of  which  is  closely  set 
with  minute  hairs  ;  but  in  the  posterior  half  of  this,  and  on 
the  whole  of  the  pyloric  division,  the  walls  of  the  stomach 
Hre  strengthened  by  a  very  peculiar  arrangement  of  uncalci- 
fied  and  calcified  plates  and  bars  articulated  together,  which 
l^re  thickenings  of  the  chitinous  cuticula  of  the  epithelium 
of  the  alimentary  canal,  and  constitute  the  gastric  skeleton. 
The  most  important  part  of  this  apparatus  is  that  which  is 
developed  in  the  posterior  cardiac  region. 

It  consists,  in  the  first  place,  of  a  transverse,  slightly 
arcuated  cardiac  plate  (Fig.  73,  ca),  calcified  posteriorly, 
which  extends  across  the  whole  width  of  the  stomach,  and 
articulates  at  each  extremity  by  an  oblique  suture  with  a 
small  curved  triangular  antero4ateral  or  pterocardiac  (pt) 
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ossicle.  On  each  side  a  large,  eloogated  postero-latercU  or 
zygoeardicic  ossicle  («e),  wider  posteriorly  than  anteriorly ,  is 
connected  with  the  lower  end  of  the  antero-lateral  ossicle, 
and,  passing  upward  and  backward,  becomes  continuous  with 
a  transverse  arcuated  plate,  calcified  in  its  anterior  moiety, 
and  situated  in  the  roof  of  the  anterior  dilatation  of  the  py- 
loric portion ;  this  is  the  pyloric  ossicle  (Fig.  73,  py). 

These  pieces,  it  will  be  observed,  form  a  sort  of  six-sided 
frame,  the  anterior  and  lateral  angles  of  which  are  formed  by 
movable  joints,  while  the  posterior  angles  are  united  by  the 
elastic  pyloric  plate. 

From  the  middle  of  the  cardiac  piece  a  strong  calcified 
urocardictc  process  (cd')  extends  backward  and  downward, 
and,  immediately  under  the  anterior  half  of  the  pyloric  ossi- 
cle, terminates  in  a  broad,  thickened  extremity,  which  presents 
inferiorly  two  strong  rounded  tuberosities,  or  cardiac  teeth. 
With  this  process  is  articulated,  posteriorly,  a  broad  pre- 
pyloric ossicle,  which  passes  obliquely  upward  and  forward,  in 
the  front  wall  of  the  anterior  dilatation  of  the  pyloric  portion, 
and  articulates  with  the  anterior  edge  of  the  pyloric  ossicle, 
thus  forming  a  kind  of  elastic  diagonal  brace  between  the 
urocardiac  process  (ca')  and  the  pyloric  ossicle.  The  inferior 
end  of  this  pre-pyloric  ossicle  is  produced  downward  into  a 
strong  bifid  urocardiac  tooth  (ac).  Finally,  the  inner  edges 
of  the  postero-lateral  ossicles  are  flanged  inward  horizontally, 
and,  becoming  greatly  thickened  and  ridged,  form  the  large 
lateral  cardiac  teeth  (cc).  The  membrane  of  the  stomach  is 
continued  from  the  edges  of  the  pA-pyloric  to  those  of  the 
postero-lateral  ossicle  in  such  a  manner  as  to  form  a  kind  of 
pouch  with  elastic  sides,  which  act,  to  a  certain  extent,  as  a 
spring,  tending  to  approximate  the  inferior  face  of  the  pre- 
pyloric o^icle  to  the  superior  face  of  the  median  process  of 
the  cardiac  ossicle. 

The  result  is,  that  there  is  a  certain  position  of  equilibrium 
of  the  whole  apparatus,  when  the  urocardiac  process  and  the 
pre-pyloric  ossicle  make  a  small  angle  with  one  another,  and 
the  antero-lateral  ossicles  form  an  almost  unbroken  transverse 
curve  with  the  cardiac.  When  undisturbed,  the  apparatus 
tends  to  assume  this  position. 

Two  pairs  of  powerful  muscles  are  attached  to  this  gastrio 
skeleton.  The  anterior  pair  arise  from  the  procephalic  pro- 
cesses, and  are  inserted  into  the  roof  of  the  stomach,  some- 
what in  front  of  the  cardiac  ossicle ;  the  posterior  have  their 
origin  in  the  carapace  immediately  above  and  behind  the 
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p^lorio  end  of  the  stomach,  and  thetr  inaertton  into  the  pjlo- 
no  ossicle  and  the  vide  posterior  part  of  the  poatero-lateral 
pieoes. 


TM.  IS.— ^rfocva.— UpiKr  Flenre:  LonzllDdlnil  S«t<on  ot  HtomKh.— J,  iDteilor 
(Utile  muscle  ;  B.  poeterlor  j^Blrlc  mavcle;  (E,  neuphitng^  P.  pfloras;  co. 
csidlic  OHicle  :  ay.  lis  nrocirdlm  pnxi'^B  :  oc.  nrocardUc  roolb:  »,  fj- 
lorle  ohIcIc  •,  tbc  obllqna  bar.  eneai]^  from  ibe  end  ot  tbe  urdUc  to  t£a  pflo' 
rlc,  l«  tb«  pre-pjkiric  oeslclf ;  pt,  ptcrocardiic  ;  n,  podoro-latenil  ordUc,  wllb 
Ita  gn»l  tonCh,  «  ;  i,  nzull  irirerior  toolh ;  c.  cardlo-pyhirtc  Tmire  ;  b,  lmcro< 
msdUD  p;lur]c  lidt^e;  a,  liicml  pyloric  rldtre :  if.  (Dperior  pflorlc  ridge;  tip. 
DTo-pjIocIc  omIcIf;  x  g.  Dae  of  necituD;  tbeuiccrlur  liceof  thepogteriorwginent 
bdng  ihowD  In  tbe  Iowat  fl^re. 

From  the  attachment  of  these  muscles  it  is  clear  that  their 
action  must,  in  a  general  way,  resemble  that  produced  bv 
pulling  upon  the  cardiac  and  pyloric  pieces  when  the  stomach 
18  removed  from  the  body.  Now,  the  result  of  doing  this  is 
that,  the  cardiac  and  pyloric  pieces  being  divaricated,  the 
pre-pyloric  ossicle  assumes  a  vertical  position,  and  the  uto- 
cardiac  tooth  turns  downward  and  forward.  At  tbe  same 
time  the  antero-lateral  or  pterocardiac  pieces  are  pulled  back- 
ward,  and,  owing  to  their  oblique  artioulatioo  with  the  car- 
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diao  piece,  their  inferior  ends  move  downward,  backward,  and 
inward,  carrying  with  them  the  anterior  ends  of  the  postero- 
lateral pieces,  the  teeth  of  which  (lateral  cardiac)  come  into 
contact  with  the  urooardiac  and  cardiac  teeth  with  a  force 
proportional  to  that  exerted  in  traction.  On  ceasing  to  pull, 
the  apparatus  returns  to  its  former  position,  its  backward 
movement  being  facilitated  by  the  reaction  of  the  elastic 
pouch  mentioned  above,  and  being  doubtless  also  assisted,  in 
the  living  state,  by  a  pair  of  small  cardio-pylorie  muscl^, 
which  pass,  one  on  each  side,  between  the  cait&ac  and  pyloric 
ossicles,  beneath  the  membrane  of  the  stomach,  the  looseness 
of  which,  in  this  region,  where  it  unites  the  various  ossicles 
of  the  gastric  mill,  greatly  assists  the  free  movement  of  the 
whole  apparatus. 

Nothing  can  be  more  easy  than  to  perform  the  experi- 
ment, and  to  convince  one's  self  that  these  structures  do  really 
constitute  a  most  efficient  inasticatory  apparatus  ;  and  it  is 
surprising  that  Oesterlen,  in  his  elaborate  essay  on  the  stom- 
ach of  Astaous^  should  have  questioned  the  crushing  action 
of  the  teeth. 

A  great  bilobed  valvular  process  (Fig.  73,  c)  rises  up  from 
the  sternal  region  of  the  stomach,  opposite  the  cardio-pylorie 
constriction,  and  apparently  prevents  the  food  from  passing 
into  the  pyloric  division  until  it  is  properly  comminuted. 
And,  in  front  of  this  valve,  the  infero-lateral  parietes  of  the 
stomach  are  strengthened  by  a  number  of  otber  plates  and 
bars ;  one  of  which  on  each  side  bears  a  small  tooth  {infer(h 
lateral  cardiaCy  /),  and  is  continued  into  a  broad  uncalcified 
plate,  lying  in  the  hinder  and  lower  part  of  the  side-walls  of 
the  stomach,  and  covered  with  hairs  internally.  There  are, 
therefore,  altogether  seven  gastric  teeth :  three  median,  the 
cardiac,  and  the  urocardiac,  and  two  lateral  on  each  side,  the 
lateral  cardiac  and  the  infero-lateral  cardiac. 

In  the  pyloric  division  of  the  stomach  the  food  has  to 
undergo  a  further  series  of  comminutions  and  strainings.  A 
ridge  covered  with  long  hairs  projects  in  the  median  line 
above  ;  other  hairy  ridges  extend  inward  from  the  sides  to 
meet  it,  and  nearly  close  the  passage  laterally.  These  ridges 
are  very  convex  inferiorly,  and  their  convexities  abut  against 
the  concavities  of  an  inferior  median  ridge,  which  rises  up  to 
meet  them,  and  is  prolonged  posteriorly  into  a  sort  of  valvu- 
lar process,  covered  at  its  termination  with  long  hairs,  which 
bar  the  space  left  between  the  u{^r  parts  of  the  lateral 
ridges.    The  concave  faces  of  this  median  process  are  covered 
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Iiy  iilimii  nii(  jiitiHllitl  riil^t^ft,  which  only  bocornc  free  hair-like 
|iiiMMia«i«Q  III  ihn  iMiHlrrior  iiiiirgiii  of  the  plate,  each  ridge 
Uhliiu  uMiiohiiioiil  (o  II  rrffuhir  Horira  of  minute  hairs.  These 
II M*  tliimtiMl  iiiwiii'«l  noarly  piiniUol  with  tho  surface,  which 
lin«li;i  ^l  Ui«l  ii«  il'  II  wrrt«  iiioivly  rulod  with  close-set  trans- 
WI40  Uur«i  \H^iiuvtrd  hy  Ntilt  tinor  and  closer  longitudinal 

rht«  ^iki^iiHlti^  \SMi<«tilutoA  tho  *^um|Hnilo  cartilagincux " 
««(  Milnx^  K\K^c4i\lx  lU'hiiul  it  then*  is  3*ot  another  infcro- 
iu^v^ti.4»i  kuA  i\\\^  Ut\*rtil  moCkvu^  valvular  prominences,  which 
imui  iUo  t««v  ts«Mto«  lvt«%wii  tho  fvHxl  and  the  intestine. 

Mk.  V  )  tSikv'i.  \^ ho  has*  ivvvntly  carefully  examined  tho 
4^uuvui%v  ,»L  iUo  X  \»iiiaoh  of  (ho  i^ravHsh/  tinds  that,  besides 
k:i«  ^iki.  -4.M  kUxi  >ss.xioiuu  ;4:i»trto  aiul  tho  oardio-pyloric  mus- 
^^v,^  \*Kv^o  ft  \'  liiuiihntx'  tiNx*A  m  tho  walls  of  tlio  stomach, 
«iUMf  1.  i\v.i:i^  k^x'  iK<»io;u'i-  p\lorko  ro^ion«  others  passing 
^»i«\x«.t  ■ '!«'  'i:iKk'i«»K'wxh  A^w'Ast^^rv  ^vtjuolo  and  the  postero- 
«n.K  .•  •  4.:  •»\.vk:*x  ^^xvx.  iiio.v.'  viu*t  tosul  to  diminish  the 
,,^.'^  K     ^.•■.l.»•^  .^,    4  Kt  *'>o   '  i>*.  :iA*:uNi  fibres  possibly 

,  .      ., '..   ^^    ^^*i,c-  'j^  -  ^v'    .t:or;tI  v*ar\linc  into  con- 

i.»   .  x»  -i     I.     :.  X  .*    .*iv  ;a   Aft  *'\u'  •.\v*;^-     Morovn-or,  there  are 

I  I.  .  .:.x .     \    iii.vx  '*f  .xkio*^  ,*f*  «  hiiv'h  two  pairs  pass 

.»x  ..    .»     .....,.»*.:  V  x..'.s»\K-i^  i'v,*,  jT'i'-l'i't  to  the  anten- 

..  ^      ...      ,    ,»v».:»\    s.  ^^Nst  •  V.'  s^>*.'v.Vjk^coal  commissures 

I       ».  I  >x    ft..^.;»\x  re  *o  ,»f  5S0  vi>i.vral  svstem; 

■»  ^  ...    v,«*\N-.*     K-  v^H.^  ^V.'h  x*f  :S*  5ti>mach  and 

I  .1,    ..««  .^nv..  t.   X  .cm;  a  <\:V '.vjit  arises  fn>m 

»     \     ..  vsv.  «vx   '»     K-  '♦  .v*"»*\*.  *«rv  Aivx^^^.^0,  »r>.i  is  in- 

I.       .^  ,'.>»ft.;  ■.>  .  ■.  v*v  r'.v^r^*  ]viir<  anso,  o:>e»  :rom 

\  »  ,  \»  ..xx;  .s*;;^'  v»!  rho  mandible,  the  other  wm 

,  V   i:.  fc    »-.wk'?i»o,  a:vl  are  inserted  into  the  inferior 

I     .»\'.»:io  •x'ijivMj :  and  a  ninth  fminirises  fmrc  :he 

■  1.   V  vikI  iho  posterior  ^n8lri<MnusrIep,  and  jr»>« 

.v..  ..x\l  mu*  ihe  po^itorior  |»yIorie  clilntation.     Thorv 

ki      •'    ■  »  iiw  »iu»i\»  inr«»nHpienoiiH  fibreH  priMHinpf  between  the 

\  •<}«Ui>AU'>    iiid  the  nei^)ilM)rin^  hard  parlH.     All  these,  at 

U  iA   wU.ii  Jiv'tiiii^  t(»;;rth«T,  muHt  antagonize   the   intrinsic 

(uu3v  U:^,  aiul  ilihtto  the  stomach. 

'iiiK.\  \\\  loiio  jHirtion  of  the  stomach  passes  into  the  an- 
ii  lua  pviriioii  of  th<«  intestine,  which  is  smooth  internally, 
.uid  piosH-nts  supc'^riorly  a  cceeal  process,  the  remains,  accord- 
itii^  to  Uathko,  i»f  one  lobe  of  the  vitcllary  sac  of  theembrya 
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This  anterior  portion  of  the  intestine  is,  however,  very 
short,  and  almost  immediately  becomes  dilated  into  the  wider 
posterior  division,  which  extends  to  the  anus.  The  inner 
surface  of  the  dilatation  is  produced  into  six  ridges,  which  are 
continued  into  a  corresponding  number  of  series  of  papillae 
along  the  rest  of  the  intestine. 

The  only  glandular  apparatus  of  any  kind  which  opens 
into  the  alimentary  canal  is  the  liver,  and  the  apertures  of 
the  wide  hepatic  ducts  are  seen  on  each  side  of  the  pylorus. 
Each  duct  conveys  the  secretion  from  the  multitudinous 
csecal  tubes,  which  constitute  the  principal  mass  of  the  cor- 
responding bilobed  half  of  the  liver.  ITie  two  halves  lie  on 
each  side  of  the  stomach,  and,  though  they  remain  perfectly 
distinct  from  one  another,  come  into  close  contact  below. 

Astacus  possesses  neither  salivary  glands  nor  any  csecal 
appendages  to  the  intestine,  such  as  exist  in  the  JBrachyura 
and  some  Macrura^  unless  the  short  caecum  just  now  de- 
scribed is  the  homologue  of  the  longer  cseca  of  Maia  and 
Homarus, 

In  the  spring  and  summer  two  very  curious  discoidal  cal- 
careous plates,  the  so-called  "eyes"  of  the  Crayfish,  are 
found  imbedded  in  the  walls  of  the  dilated  anterior  portion 
of  the  cardiac  division  of  the  stomach,  the  middle  of  the 
lateral  surface  of  which  they  occupy.  These  bodies  com- 
mence as  calcareous  deposits  underneath  the  chitinous  gas- 
tric lining,  and  increase  in  size  until  the  period  arrives  at 
which  the  Crayfish  casts  its  skin.  They  are  then  cast,  to- 
gether with  this  lining  membrane  and  the  gastric  armature  ; 
and  it  would  appear  that,  like  the  latter,  they  become  broken 
up  and  destroyed  within  the  new  stomach.  The  purpose  of 
these  concretions  is  not  understood;  the  ordinary  theory, 
that  they  are  stores  of  calcareous  matter,  ready  to  be  dis- 
tributed through  the  young  integument  after  ecdysis,  appear- 
ing to  be  negatived  by  their  small  size.  Oesterlen  states 
that  they  rarely  weigh  more  than  two  grains,  and  judiciously 
suggests  that  if  it  be  admitted  that  the  Crayfish  can  derive 
all  the  calcareous  matter  it  requires,  except  two  grains,  from 
other  sources,  it  is  hardly  necessary  to  look  on  those  two 
grains  as  a  special  supply. 

The  circulatory  apparatus  of  Astacus  is  well  developed. 
The  heart  (Fig.  74,  C)  has  the  shape  of  an  irregular  polvgon, 
and  lies  immediately  behind  the  stomach  and  beneath  the 
cardiac  region  of  the  carapace,  in  a  chamber  which  is  com- 
monly termed  the  "  pericardium,"  to  the  walls  of  which  it  is 
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attached  by  six  liffsroeDta,  corresponding  with  the  ftbe  of  tite 
heart  in  inaeots,  but  not,  like  them,  muscuUr.    Except  by 


—I.  tl.  ni,  SUnw  orinl.  ucoad.ttnd  third 


■omltes ;  a,  {raophaKTU :  Ift,  Ubrum  :  I.  mola* (oidb  :  O,  membranoDg  part  ol  th< 
ilociuch ;  c.  ardlu  oulcls  :  pt.  pteiocardiic ;  ae,  ntDurdlac ;  d.  liicnl  ardlae; 
p.  cardlo-pyloric  r«lTe ;  pi.  Inferior  pjlorie  y»lTa!ir  Ippanilnt;  m,  sntertor  g«f1ri( 


moiKle  ;  m*,  Intcrtioo  of  poatcrior  gutrlc  mtuclei 

S'.opanlng  of  bOMtteduct ;  I.pilorlc '  '  '- 

TU  ilcfcrani ;  C,  hurt ;  an,  ophtfailn  .  .       -  .... 

■ternal ;  iqi,  anpcrlDr  •bdomlnal  anerj  ;  A,  cerebral  caiKlla  :  >?.  urgoi  Tlscenl 

these  ligaments,  &nd  by  the  arteries,  which  pass  through  it, 
the  walla  of  the  perioardial  cavity,  or  blood  sinus  (for  such  it 
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reallj  is),  are  wholly  unconnected  vrith  the  heart,  which  thus 
is,  in  a  manner,  suspended  freely  in  the  blood. 

Six  apertures,  two  of  which  are  superior,  two  inferior, 
and  two  lateral,  provided  with  valves  which  open  inward, 
allow  the  blood  to  enter  the  cavity  of  the  heart  during  the 
diastole,  and  prevent  its  egress,  except  by  the  arteries,  dur- 
ing the  systole.  The  arterial  trunks  are  six  in  number,  five 
being  given  o£E  anteriorly,  and  the  other  from  the  posterior 
portion  of  the  heart. 

Of  the  five  anterior  arteries,  one,  the  ophthalmic,  is  single, 
and  situated  in  the  middle  line  ;  it  passes  forward  on  the 
stomach  to  the  head,  where  it  supplies  the  eyes  and  anten- 
nules.  The  other  arteries  are  in  pairs  ;  two  pass  on  the 
stomach  forward  and  outward,  giving  off  branches  to  the 
carapace,  and  eventually  supplying  the  antennas ;  the  other 
two  pass  downward,  between  the  anterior  lobes  of  the  geni- 
talia, and  divide  into  a  multitude  of  branches  upon  the  he- 
patic cteca. 

The  posterior  trunk,  or  sternal  artery,  is  the  largest  of 
all,  and  presents  a  sort  of  bulbus  arteriosus  at  its  commence- 
ment. It  turns  almost  directly  downward,  usually  on  the 
right  side  of  the  intestine,  to  the  sternal  canal,  which  it 
enters,  passing  between  the  antepenultimate  and  penultimate 
thoracic  ganglia  to  the  lower  suidEace  of  the  ganglionic  cord ; 
it  gives  off  two  abdominal  branches,  one  superior,  close  to  its 
origin  from  the  heart,  which  traverses  the  middle  of  the  ter- 
gal region  above  the  intestine,  the  other  inferior,  which  takes 
a  corresponding  course  along  its  sternal  region  beneath  the 
nervous  system.  The  arterial  trunks  are  provided  with  valves 
at  their  commencement,  so  arranged  as  to  prevent  the  regur^ 
gitation  of  the  blood.  They  ramify  minutely,  but  how  far  a 
capillary  system  can  be  said  to  exist,  is  a  question  requiring 
further  investigation.  In  transparent  ZooeaSy  I  have  plainly 
observed  the  abrupt  termination  of  the  arterial  trunks  by 
open  mouths,  through  which  the  blood  was  poured  into  waU- 
less  lacunae,  and  into  the  general  cavity  of  the  body ;  nor  can 
there  be  the  least  doubt  that  a  similarly  lacunar  condition 
of  the  circulation  exists  in  those  lower  adult  Crtist(zceay  the 
transparency  of  which  allows  of  their  examination  with  the 
requisite  powers  of  the  microscope.  The  probability  is  that 
a  similar  state  of  things  obtains  in  the  vascular  system  of  all 
other  Crustacea^  and  that,  after  undergoing  a  greater  or  less 
amount  of  subdivision,  the  arterial  vessels,  or  their  capillary 
continuations,  cease  to  exist,  the  blood  then  making  its  way 
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into  lacuna;  between  the  organs,  and  iuto  the  general  peri- 
visreral  cAvity  ;  and,  as  in  most  Molluiea,  ceasing  to  be  con- 
tained in  vessels  with  distinct  walls. 

The  blood  tbu8  pourod  out  eventually  makes  its  wny  into 
irregular  sinuses  or  reservoirs,  the  chief  of  which,  lodged  in 
the  sternal  canal,  communicatcB  by  lateral  channels  with  oth- 
ers which  lie  above  the  bases  of  the  thoracic  appendages, 
and  from  which  the  afferent  branchial  canals  pass  into  the 
etems  of  the  branchin",  on  the  exterior  faces  of  which  they 
ascend,  giving  off  branches  to  the  lateral  filameuts.  Cone- 
sponding  canals  return  the  blood  from  these  filarnentB  to  the 
efferent  branchial  canals,  which  run  down  the  inner  side  of 
the  branchial  stems,  and  unite  above  the  bases  of  the  limbs 
into  six  trunks,  which  ascend  beneath  the  epimera  and  open 
into  the  sides  of  the  pericardial  sinus.  The  fioor  of  this 
sinus  is  formed  by  a  continuous  membmne,  which  appears  to 
shut  it  off  completely  from  the  general  visceral  cavity  (at 
least  it  retains  air  or  fluid  thrown  iuto  it),  and,  if  this  be 
really  the  case,  it  may  be  said  to  be  functionally  a  branchial 
auricle,  containing  pure  immixcd  agrated  bluod. 

The  branchiae  are  eighteen  in  number  upon  each  side,  and 
are  attached  from  the  eighth  to  the  fourteenth  somites  in- 
clusively. Six  of  these  branchiie  are  attached  to  the  epipo- 
ditee  of  the  eighth  to  the  thirteenth  somiios,  and  differ  very 
considerably  in  appearance  from  Ihc  other  twelve.  Each 
epipodite  is,  in  fact,  expanded  at  its  upper  extremity  into  n 
broad,  bilobcd  membrane,  which  is  folded  upon  itself,  so  that 
the  two  lobes  are  directed  posteriorly,  and  receive  the  epipo- 
dite  of  the  next  limb  (Fig.  71,  N).  The  membrane  of  the 
lobes  ia  obliquely  plaited,  so  that,  doubtless,  Ihey  subserve 
respiration  to  a  certain  extent  ;  but,  in  addition,  tiie  anterior 
edge  of  the  epipodite  is  beset  with  a  number  of  bronchial 
filaments,  similur  to  those  on  the  other  branehise. 

The  latter  (Fig,  71,  M,f,  g)  are  simple  plumes,  consisting 
of  astern,  to  which  are  attached  many  delicate,  cylindrical 
filaments.  Two  of  these  plumes  are  attached  to  the  epimera 
and  coxo-epimernl  articular  membranes  of  the  ninth,  tenth, 
eleventh,  twelfth,  and  thirteenth  somites.  They  increase  in 
sii!6  posteriorly.  The  eighth  and  fourteenth  somites,  on  the 
contrary,  only  carry  one  plume,  A  tuft  of  long  byssus-like 
filaments  is  attached  to  the  coxopodite  of  each  of  the  last 
six  thoracic  appendages  (Fig.  71,  F,  M). 

The  respiratory  organs  of  the  Crayfish,  not  being  pro- 
vided with  cilia,  require  some  special  arrangement  for  the 
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renewal  of  the  water  with  which  they  are  in  contact.  This 
object  is  attained  principally  by  the  action  of  the  scapho- 
gnathite,  which  lies  immediately  behind  the  anterior  opening 
of  the  branchial  chamber  ;  and,  during  life,  is  incessantly  in 
motion,  baling  out,  as  it  were,  the  water  which  has  become 
impure  through  the  anterior  opening,  and  thus  compelling 
the  flow  of  fresh  fluid  into  the  branchial  chamber  through  its 
posterior  and  inferior  opening,  constituted  by  the  space  left 
between  the  lower  edge  of  the  branchiostegite  and  the  bases 
of  the  limbs. 

The  nervous  system  of  Astacus '  is  composed  of  thirteen 
principal  ganglionic  masses,  of  which  one,  cerebral,  lies  in 
the  head,  in  front  of  the  mouth  ;  six,  thoracic,  are  situated 
in  the  sternal  canal ;  and  six,  abdominal,  lie  in  the  median 
sternal  region  of  the  six  anterior  somites  of  the  abdomen. 

The  cerebral  ganglia  (Fig.  74,  b;  Fig.  75,  a)  give  off 
nerves  to  the  eyes  and  to  the  muscles  of  the  ophthalmic 
appendages ;  to  the  antennules  and  the  auditory  organs 
which  they  contain ;  to  the  antennse  and  the  sac  of  the 
antennary  gland  ;  to  the  carapace  in  front  of  the  cervical 
suture  ;  and,  finally,  they  send  posteriorly  two  long  and 


Fio.  7S.— Vifceral  nerves  of  Aataeui.—a,  cerebral  gaiuirlia ;  b.  commf  Ainres— that  of 
the  right  side  is  cut  and  tamed  back ;  e^  transTene  cord  aniting  them  behind 
the  CBsopliaffas,  (E:  d^  <l,  <f,  asygos  nerve ;  A,  ganglion ;  i,  lateral  branch  of 
asygos,  nnlting  with  postero-lateral  nerve  g;  «,  antero-lateral  nerve  ;/,  medio- 
lateral  nerve  :1fc,  hepatic  nerve  ;  P,  pyloric ;  C,  cardiac  portion  of  stomach. 

stout  commissural  cords  to  the  anterior  thoracic  ganglionic 
mass.     These  commissures  are  connected  by  a  transverse 

>  For  the  histology  of  the  nervous  svstem,  sm  an  elaborate  essay  by 
Haeokel  on  the  mlnnto  stractixre  of  the  tissues  of  the  Crayfish,  in  the  *  Arohiv 
Akr  Anatomic,''  1857. 
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cord  immediately  behind  tLe  reaophagua  (Fig.  75,  e).  The 
size  and  form  of  the  anterior  thoracic  gaDglion  would  lead  to 
a  BuaiiicioQ  of  ihe  complex  nature  which  development  shows 
it  to  possess.  It  supplies  th«  somites  and  their  appendages 
from  the  fourth  to  the  ninth  inclusively,  and  sends  forward 
delicate  liluments  to  the  oesophagus. 

Posteriorly  it  is  connected  with  the  ganglionic  mass  of 
the  tenth  somite  by  two  commissures,  and  the  other  thoracic 
ganglia  are  similarly  brought  into  communioatioD,  the  eom- 
missures  of  the  ultimate  ujid  penultimate  only  being  remark- 
able for  their  brevity.  The  abdominal,  which  are  much 
smaller  than  the  thoracic  ^nglia,  are,  with  the  exception  of 
the  last  two,  united  by  single  cords,  which  represent  coa- 
lesced double  commissureB.  Each  of  these  ganglia  supplies 
the  muscles  and  the  appendages  of  the  somite  to  which  it 
belongs,  and  the  posterior  abdominal  ganglion  sends  branches 
into  the  telson. 

The  Crayfish  possesses  a  remarkably  well -developed  sys- 
tem of  visceral  or  stomatogaatric  nerves,  which  has  been  the 
subject  of  special  study  by  Brandt,  Milne- Edwards,  Krobn, 
and  Schlemm,  each  of  whom  has  described  a  larger  or  smaller 
portion  of  the  system  with  accuracy,  but  has  omitted  to  men- 
tion, or  has  denied,  the  existence  of  some  othej  part.  Each 
of  the  great  commissures  (Fig.  75,  ft),  as  it  passes  over  the 
sides  of  the  cesophagus,  becomes  slightly  swollen,  and  fmm 
the  enlargement  four  nerves  arise ;  one,  external,  passes 
toward  the  mandibular  muscles  ;  a  second  postero-laleral 
branch  (Fig,  75,  g)  runs  upward  and  backward  to  the  infero- 
lateral  regions  of  the  stomach,  nnd  eventually  enters  into  the 
composition  of  the  hepatic  nerve  {k)  ;  a  third  branch  [f) 
turns  directly  inward  and  upward,  and  unites  upon  the 
cesophagus  with  its  fellow  and  witb  an  azygos  nerve  (d), 
which  passes  up  in  the  middle  line  of  the  anterior  face  of  the 
cesophagus  and  stomach,  and  enters  a  ganglion  placed  be- 
tween the  anterior  gastric  muscles  {fi),  from  whence  a  lateral 
branch  is  given  ofi*  on  each  side,  while  a  posterior  median 
branch  (d)  continues  the  direction  of  the  azygos  nerve. 
Having  reached  the  cardiac  ossicle,  this  nerve  divides  into 
two  branches  (»'),  each  of  which  passes  downward  and  out- 
ward, unites  with  the  postero-lsteral  nerve  of  its  side,  and 
thus  forms  the  hepatic  nerve  (k).  The  fourth  and  last,  or 
an tero -lateral  branch  (e),  descends  at  first  to  near  the  mouth, 
and  then,  curving  forward,  ascends  to  unite  on  the  anterior 
face  of  the  oesophagus  with  the  anterior  continuation  of  the 
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azygos  nerye,  which  passes  forward  and  upward  and  enters 
the  cerebral  mass.  I  am  inclined  to  think  that  this  part  of 
the  azygos  nerve  forms  a  portion  of  a  fine  plexus  of  nervous 
filaments  which  pass  from  the  cerebral  ganglia  backward  to 
the  lining  membrane  of  the  carapace  ;  but  the  dissection  of 
these  fine  filaments,  and  the  demonstration  of  their  conti- 
nuity, is  a  matter  of  no  ordinary  difficulty. 

The  intestine  is  supplied  by*  two  nerves  which  arise  from 
the  last  abdominal  ganglion,  and  unite  into  a  single  trunk, 
from  which  small  branches  are  given  off  backward,  and  two 
principal  ones  forward,  which  supply  the  greater  part  of  the 
intestine.  According  to  Brandt,  the  genitaua  receive  branches 
of  the  fourth,  fifth,  and  sixth  thoracic  ganglia. 

The  only  -certainly  known  organs  of  sense  in  Ast(un4S  are 
the  eyes  and  the  auditory  organs.  The  eyes  are  seated  at 
the  extremities  of  the  ophthalmic  peduncles,  the  integument 
of  the  outer  extremity  of  which  becomes  translucent  over  a 
reniform  space,  and  constitutes  the  corneal  membrane.  This 
membrane  is  divided  into  a  great  number  of  minute  quadri- 
lateral facets,  each  of  which  corresponds  with  the  base  of  a 
crystalline  cone.' 

The  upper  face  of  the  trihedral,  proximal,  and  largest 
joint  of  the  antennule  presents  an  oval  space,  covered  by  a 
broad  brush  of  complex  hairs  having  their  points  all  directed 
inward.  On  cutting  these  hairs  away  close  to  their  bases, 
however,  it  is  seen  that  they  cover  an  aperture,  wider  above 
than  below,  and  about  one-sixteenth  of  an  inch  long.  The 
hairs  are  attached  to  the  outer  lip  of  this  aperture,  and  some 
are  directed  so  as  to  lie  within  the  inner  lip,  but  the  majority 
cover  it.  A  good-sized  bristle  passes  with  great  ease  into 
this  aperture,  and  if  the  inner  and  outer  walls  of  the  basal 
joint  of  the  antennule  be  now  removed,  and  the  soft  parts 
carefully  dissected  away,  the  end  of  the  bristle  will  be  seen 
to  have  putssed  into  a  wide  delicate  sac  about  one-twelfth  of 
an  inch  long,  which  is  attached  by  a  narrower  neck  round 
the  aperture,  the  lips  of  which  are  continuous  with  its  walls. 
The  sac  is  filled  with  minute  sandy  particles,  suspended  in  a 
raucous,  dirty-looking  fluid,  and  when  emptied  oi  these  con- 
tents a  band,  consisting  of  several  lines  of  very  fine  hairs, 
like  those  which  guard  the  mouth  of  the  sac,  but  more  deli- 

«  Mr.  E.  T.  Newton's  careftil  description  of  the  eye  of  the  Lobster  in  7%$ 
OuarUrly  Journal  of  Mieroteopieal  SeUnee  for  1876,  to  which  I  have  r^errod 
above,  may  be  taken  as  a  guide  to  the  study  of  the  minute  structure  of  the  eye 
in  the  Crayfish. 


od,  and  wobU  niiiMr  to  Iw  mKokms.* 
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_  tU  WHV  tiiMwIj  wgMiled  as  tbe  aojiloiy  otg»— ,  Bs  m 
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at  wfT 
lae,  filled  with  k  dear  laid^  wkicn  ts  mnftlly 
each  nde  of  the  uit«fior  «im1  of  the  aaaaaclt,  wben  tW 
p*ae  ia  eftrefnlljr  remored,  A  Dnre  wfaidt  eouwa  off  faoai 
the  enebfKl  naas  ckwe  to  the  aBtemkur  nerre,  pasaas  to  tttt 
neck  of  this  v«nde,  and  im  dtstribote^  over  itx  ■«»&■■  b^ 
tween  tlie  ooter  aod  inaer  membrBnes,  of  whwli  it  is  immm 
posed.  Inleriorijf  the  Tende  reots  apon  m  Urge  pv«n«h,  ap- 
oaranlly  riawdnkr  man,  bat  is  directtT  connected  whh  the 
latter  onl;  at  two  pointa,  fintlj  bj  a  vascukr  oord,  wUdi 
paaaca  to  tke  centfml  aod  Dsaallj  bkmv  yellow  portioa  of  the 
^land,  aod  aeooodly  by  a  abort  ite«k-likt>  cootiaiutioii  of  t^ 
sac  itself,  wbich  u  attached  over  >  mull  circular  spaee,  Bid- 
way  between  the  centre  and  the  periphery  of  the  gUsd,  maA 
opens  into  the  rircuUr  prind|H>l  duct  of  the  f^and.  TWie  j^ 
tDerefore,  a  tree  comintinicatioQ  between  the  carity  of  iha 
gland  sod  the  exterior  by  means  of  the  8»c,  which  is,  ia  tUs 
respect,  simply  a  dilated  duct.  A  section  of  the  gland  ahowa 
it  to  be  composed  of  two  snbtanoes,  a  central  and  a  oortioaL 
Tbs  latter  is  composed  of  minute  cseca,  filled  with  a  faooko- 
geneoDS  gelatinoos  matter,  containing^  many  lar^  nuclei  ; 
the  lonaar  is  ttarened  in  all  directions  by  targe  canals,  ao  as 
to  hare  a  spongy  appearance.  The  cteca  open  into  the  ulti- 
mate tamifiealions  of  the  canals,  and  the  spongr,  Ituig-lilEo 
texture  of  the  central  mass  seems  to  arise  merelr  from  the 
very  free  anastomosis  of  their  larger  branches,  wbich  event- 
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uallj  enter  the  circular  canal  which  communicates  with  the 
vesicle. 

There  is  little  in  these  structural  features  to  suggest  an 
organ  of  special  sensation,  but  much  to  show  that  the  green 
mass  is  a  secreting  organ,  and  that  the  vesicle  acts  (whatever 
other  purposes  it  may  subserve)  as  its  duct.  In  all  proba- 
bility the  green  gland  is  an  organ  of  the  same  nature  as  the 
shell  gland  of  the  Mitomostraca. 

Leydig  has  attributed  an  olfactory  function  to  certain 
groups  of  delicate  setse  which  occur  on  the  joints  of  the  outer 
division  of  the  antennule  of  the  Crayfish. 

The  most  remarkable  part  of  the  muscular  system  of  the 
Crayfish  is  the  great  extensor  muscle  of  the  abdomen,  a  com- 
plex mass  of  fibres  which  is  attached  in  part  to  the  endo- 
phragms  of  the  thorax  in  front,  and,  behind,  to  the  sterna  of 
the  abdominal  somites,  a  large  part  of  the  cavity  of  which  it 
occupies.* 

The  essential  parts  of  the  reproductive  organs  in  the  male 
and  female  Aataaia  are  very  similar  to  one  another  in  form, 
both  ovarium  and  testis  having  the  figure  of  a  trilobed  gland, 
situated  immediately  behind  the  stomach,  and  below  the 
heart.  Two  of  the  lobes  are  applied  together,  and  pass  for- 
ward; the  other  lobe  is  directed  in  the  middle  line  back- 
ward. The  ducts  take  their  origin,  one  on  each  side,  at  the 
junction  of  each  antero-lateral  with  the  posterior  lobe. 

In  minute  structure,  however,  the  two  organs  differ  widely. 
Each  lobe  of  the  testis  is  composed  of  a  number  of  small 
ca?ca,  in  which  the  spermatozoa  are  developed,  and  which 
open  into  a  central  duct.  The  ovarium,  <m  the  other  hand,  is 
essentially  a  wide  sac,  produced  into  three  large  caeca,  each 
of  which  corresponds  with  a  lobe  ;  and  the  ova  are  developed 
in  the  epithelial  lining  of  the  sac.  The  efferent  ducts,  again, 
have  little  resemblance,  the  oviducts  being  short,  wide  tubes 
which  open  on  the  coxopodites  of  the  antepenultimate  thora- 
cic appendages,  while  the  vasa  deferentia  are  canals  as  long 
as  the  body,  at  first  very  narrow,  but  afterward  widening, 
which  lie  coiled  up  on  either  side  of  the  posterior  part  of  the 
thoracic  cavity,  where  their  white  contents  make  them  very 
conspicuous  (Fig.  74,  gn').  Eventually,  they  open  on  the 
coxopodites  of  the  posterior  thoracic  appendages. 

The  spermatozoa,  like  those  of  many  other  Crustacea^  are 

1  For  detuls.  $ee  Suckow.  "  Anatomisch-physiologisohe  UnterBaohiiii|oren." 
Milne-Edwarde  has  described  the  muflcles  of  the  Lobster  at  length  in  the  '^  Hia- 
toiro  naturelle  des  Crustac^^s,'*  torn.  i. 

13 


TDE  ANATOMY   OF   IN  VERTEBRATE  D  ANIMALS. 

motionless,  and  bare  the  form  of  cells,  provided  with  a  nu- 
cleus and  produced  into  several  delicate  radiating  processes. 
They  are  united  in  their  course  down  the  vas  deferens  into 
oyliadrical  masses,  which,  becoming  invested  by  a  fine  mem- 
brunous  coat,  probably  secreted  by  the  walls  of  that  duct, 
eooelitute  the  spermatophores,  which  may  not  unfrcquently 
be  found  adhering  to  diflerent  parts  of  the  body,  not  only  of 
female  but  of  male  Crayfish. 

The  ova  are  fecundated  while  still  within  the  parent ;  they 
become  surrounded,  in  their  passage  down  the  oviduct,  by  a 
coat  corresponding  with  that  of  the  spermatophore,  which  is 
produced  into  a  pedicle,  the  extremity  uf  which  becomes  at- 
t»ched  to  one  or  other  of  the  abdominal  sppendages.  Great 
numbers  of  ova,  attached  in  this  way,  may  be  observed,  dur- 
ing the  breeding-season,  within  the  incubatory  chamber  formed 
by  the  flexure  of  the  abdomen  upon  itself;  and  it  is  in  this 
cavity  that  the  embryos  pass  through  the  whole  of  their  fcetal 
existence. 

The  development  of  the  Crayfieh  has  been  the  subject  of 
one  of  the  moat  beautiful  of  the  many  admirable  memoirs  on 
development,  for  which  we  are  indebted  to  the  geniua  sod 
patience  of  Rathke.'  Aft«r  fecundation  a  blastoderm  arises 
upon  the  surfooe  of  the  yelk,  and,  gradually  extending  over 
the  whole  yelk,  becomes  thickened  at  one  part,  so  as  to  form 
an  oval  germinal  disk,  with  a  central  depression. 

Tliis  disk  next  becomes  widened  and  bilobcd  ut  its  ante- 
rior extremity,  the  lobes  being  identical  with  the  procephalic 
lobes,  to  be  hereafter  described  iu  the  embryo  of  Mysia.  The 
edges  of  the  disk  are  raised  into  a  fold,  and  within  the  fold  a 
papilla,  the  rudiment  of  the  abdomen,  and  of  the  greater  part 
if  not  of  the  whole  of  the  thorax,  makes  its  appearance  ;  while, 
anteriorly,  three  pairs  of  transverse  elevations  constitute  the 
rudiments  of  the  antcnnules,  the  antennip,  and  the  mandibles. 
ITie  labrum  arises  as  a  median  papilla,  situated  at  first  be- 
tween the  antenuules.  The  ocular  pedunclea  are  next  devel- 
oped in  front  of  the  antennules  as  ridges,  which  only  subse- 
quentlv  become  free  processes. 

The  thoraci co-abdominal  process  lengthens,  and  the  anal 
aperture  makes  its  appearance.  It  is  to  be  remarked  that 
the  anus  is  at  first  situated  on  the  dorsal  side  of  the  extremity 

I  "Ueber  die  Bilduog  mid  Entwickelunp  du8  Flusuknjbao*."  Bd.  M,  *« 
alao  Leroboullet,  "Be«hercbes  d' Embryalwie  oomparfe  aur  le  Divelnjnwnent 
du  Broohet  de  la  Paraheet  Jo  VEcrevute,"  less;  and  the  oooonnt  of  Bobrel- 
■1^'a  reBe»wli«>  in  tlolhunu  luid  Seliwalbf,  "  Jalnesbtricht"  fef  ISTS  (18T6). 
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of  the  abdomen,  and  that  there  is  no  telson.  This  is  devel- 
oped only  at  a  much  later  period  from  the  dorsum  of  the  end 
of  the  abdomen,  and,  by  its  outgrowth,  forces  the  anus  to 
the  ventral  side  of  the  body. 

In  the  mean  while,  the  oral  aperture  is  developed  behind 
the  labrum,  which  moves  backward ;  while  the  maxillae,  maz- 
illipedes,  and  ambulatory  feet  appear  in  succession  as  eleva- 
tions or  ridges  of  the  substance  of  the  embryo,  which  are,  at 
first,  all  alike,  and  gradually  become  specialized  into  their 
ultimate  forms. 

When  these  appendages  first  appear,  the  mazillsB  and  first 
pair  of  maxillipedes  are  attached  to  the  embryo  in  front  of 
the  thoracico-abdominal  process,  the  second  maxillipedes  lie 
in  the  angle  between  them,  and  the  third  maxillipedes  and 
following  appendages  are  attached  to  the  sternal  surface  of 
the  thoraoico-abdominal  process  itself ;  and,  as  this  proems  is 
at  first  bent  forward  upon  the  rest  of  the  germ,  it  follows  that 
the  appendages  attached  to  it  look  upward,  while  those  at- 
tached to  the  anterior  part  of  the  embryo  look  downward. 
As  development  proceeds,  however,  the  embryo  gradually 
straightens  itself,  more  and  more  of  the  anterior  part  of  the 
thoracico-abdominal  process  becoming  continuous  in  direction 
with  the  anterior  part  of  the  embryo ;  until,  at  length,  the 
whole  of  the  cephalo-thoracic  portion  forms  a  convex  surface, 
parallel  with  the  vitellary  membrane,  only  the  abdomem  re- 
maining bent  upon  the  cephalo-thorax.  The  middle  portion 
of  the  carapace  is  formed  by  the  continuous  calcification  of 
the  dorsal  walls  of  the  cephalo-thorax  of  the  embryo.  Its 
pleura  are  developed  as  two  distinct  folds,  one  of  which,  the 
rudiment  of  the  branchiostegite,  encircles  the  embryo  poste- 
riorly, and  extends  forward  on  each  side  as  far  as  the  mandi- 
bles ;  while  the  other,  the  rudiment  of  the  rostnun,  and  an- 
terior cephalic  pleura,  is  developed  in  front  of  the  eyes,  and 
extends  on  each  side  to  meet  the  former.  Rathke's  clear  ac- 
count of  this  matter  is  in  perfect  accordance  with  what  I  have 
observed  in  Mysis^  and  shows  conclusively  that  the  carapace 
is  not  developed  from  any  one  or  two  somites  in  particular, 
but  that  its  tergal  portion  corresponds  with,  and  is  formed  by, 
the  terga  of  all  the  cephalo-thoracic  somites,  while  the  bran- 
chiostegites  and  rostrum  are  developments  of  the  lateral  por- 
tions of  all  these  somites;  in  fact,  represent  their  pleura, 
which,  like  the  terga,  are  connate  and  continuously  calcified. 

The  appendages  are  thus,  at  first,  similar  to  one  another, 
and  each  consists  of  a  ridge  which  eventually  takes  the  form 
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of  a  plate,  free  at  tbo  outer  end.  Tbis  plate,  io  all  the  mem- 
bers, except  the  ophthalmic  peduncles  and  the  mandibles, 
then  becomes  bilolied  externally,  the  iuucr  lobe  representing 
the  endopoditc,  while  the  outer  is  the  representative  of  the 
exopodite  and  epipodite.  The  two  latter,  when  they  are  in- 
dependently developed,  become  separated  by  the  diviuon  of 
the  outer  lobe.  The  gills  arise  partly  as  outgrowths  from 
the  epipodites,  partly  as  distinct  processes  &om  the  parts  to 
which  they  are  eveatually  attached.  The  division  of  the 
limbs  into  articulations  takes  place  from  their  distal  toward 
their  proximal  ends.  The  heart  appears  late,  at  the  imsterior 
extremity  of  the  cephalo- thorax,  and  therefore  behind  the 
yelk -sac. 

The  nervous  system  of  the  post-oral  portion  of  the  ceph- 
alo-tliorajc  consists  at  tirst  of  eleven  pairs  of  ganglia,  cor- 
responding with  the  mandibles,  maxilLe,  maxillipedes,  and 
ambulatory  legs.  The  six  anterior  post-oraJ  ganglia  of  each 
side  soon  coalesce  in  pairs,  so  as  to  form  as  many  single  gan- 
glia ;  and  of  these  the  four  anterior,  namely,  the  mandibular, 
the  two  maxillary,  and  the  first  maxillipedary  ganglia,  unite 
into  a  single  mass ;  the  two  hinder  ganglia,  that  is  to  say, 
those  of  the  second  maxillipedary  somite,  next  coalesce  in 
the  same  way,  and  it  is  only  subsequently  that  the  two  maasea 
thus  formed  become  fused  into  the  single  anteiior  post-oral 
ganglion  of  the  adult.  The  other  ganglia  not  only  remain 
separate,  but  become  wider  apart  with  advancing  age.  A 
ridge  on  each  side  of  the  cesophagus  at  first  represents  the 
cerebral  ganglion  and  the  commissural  cords,  the  latter  being 
developed  out  of  the  posterior  part  of  the  ridge,  and  the  for- 
mer from  its  anterior  portion.  The  cerebral  ganglia  are  at 
first  two  on  each  side,  but  tlie  posterior,  whence  the  nerves  to 
the  antennary  organs  proceed,  is  much  larger  than  the  other, 
and  would  appear  to  represent  two  ganglia.  The  endoster- 
nites  arise  as  processes  from  each  of  the  eight  posterior  eeph- 
alo-thoracic  sterna,  which  eventually  arch  over  the  gangli- 
onic cord,  and  unite  with  one  another. 

The  alimentary  canal  is  produced  by  the  gradual  differen- 
tiation and  demarcation  of  the  sternal  part  of  the  hypoblast, 
which  invests  the  whole  yelk,  from  the  tergal  part,  which  be- 
comes the  yelk-sae.' 

'  Accordinc  k>  Bohrctflky  (/,  t)  there  is  nn  proper  vclk-MO,  th«  Blrootnre  to 
U-Tmed  by  Buthke  being  tlii^  siKouULr  hj'pobluat,  whioh  ia  fcinncd  bf  inTxeinv 
I  biaBtadenn,  uid  enOToaobos  upon  the  viwilui,  until  tha 
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After  the  liver,  genitalia,  and  antennary  glands  are  de- 
veloped, the  jclk-sao  eventually  becomes  reduced  to  a  small 
csecal  diverticulum,  situated  at  the  pyloric  end  of  the  stom- 
ach. The  genital  ducts  in  both  males  and  females  are  origi- 
nally diverticula  from  the  corresponding  regions  of  the  geni- 
tal glands ;  their  external  apertures  and  the  copulatory  ap- 
pendages of  the  first  abdominal  somites  in  the  male  are  not 
developed  until  some  time  after  birth. 

The  modifications  of  structure  observable  within  the  limits 
of  the  JPodophthcUmia  are  exceedingly  interesting. 

Excluding,  for  the  present,  the  /SquiUidoB^  the  group  is 
divisible  on  clear  morphological  grounds  into  the  following 
subdivisions  :  1.  The  Brachyura;  2.  The  Anomvra  ;  3.  The 
Macrura;  4.  The  Schizopoaa. 

The  morphological  relations  of  the  Macrura  are  nearly 
such  as  are  indicated  by  their  position  in  this  series ;  and 
AstacuSj  as  a  central  genus  of  the  central  group,  thus  be- 
comes a  sort  of  natural  centre  for  the  whole  of  the  Podop?^ 
thalmiay  whence  we  may  trace  a  gradual  series  of  modifica- 
tions, leading  on  the  one  hand  to  the  SchizopodOj  with  their 
large  abdomen  and  small  cephalo-thoraz ;  and  on  the  other  to 
the  Brachyura^  with  their  rudimentary  abdomen  and  com- 
paratively enormous  cephalo-thorax. 

In  all  the  Ma^crura  the  branchise  are  numerous,  and  are 
covered  by  the  branchiostegites.  The  abdomen  is  large,  and 
is  used  as  a  locomotive  organ,  the  appendages  of  its  sixth 
somite  being  well  developed.  The  thoracic  ganglia  usually 
form  an  elongated  chain,  and  the  external  maxillipedes  never 
form  broad  opercular  plates  over  the  other  jaws.  In  some  of 
the  lower  Ma^crura  {Penei^y  Pasiphcea)  the  exopodite  per- 
sists as  an  appendage  at  the  base  of  the  thoracic  limbs ;  and 
in  two  genera,  Sergestes  and  AceteSj  the  posterior  thoracic 
members  become  rudimentary,  or  even  entirely  abortive, 
though  the  abdominal  appendages  remain. 

In  the  higher  Macruraj  such  as  PalinurttSy  the  nervous 
system  exhibits  a  greater  degree  of  concentration,  the  tho- 
racic ganglia  constituting  an  elongated  oval  mass  ;  and  it  is 
in  this  genus  and  its  allies  that  the  head  and  its  appendages 
exhibit  modifications,  which  prepare  us  for  those  which  are 
presented  by  the  Brachyura,  In  this  respect  the  Palinurus 
vulgaris  (Rock  Lobster,  Sea  Crayfish,  or  Spiny  Lobster)  is 
particularly  worthy  of  attention.  The  rostrum  is  rudimentary 
and  represented  by  a  mere  spine,  leaving  the  anterior  cephalic 


TUE   ANATOMY  OF  INVEKTEBRaTEO   ANIMALS. 

somites  uncovered.  The  d^phalic  6exure  is  50  strong  as  to 
throw  ttio  ophth&ltnic  sternum,  wbiuh  is  very  wide,  completely 
to  the  top  of  the  head.  The  basai  joints  of  the  uotcDQie,  or 
ooxocoritca,  are  enormoua,  fixed  to  the  surroundiDg  parts,  and 
united  by  their  anterior  extremities  in  the  middle  line  below. 
Superiorly,  they  seemed  to  have  coalesced  with  the  anteDnu- 
lary  steraum,  so  as  to  form  a  projecting  wedge-shaped  mass, 
which  separates  the  antcnnulcs  from  the  ophthalmic  Btemum, 
and  oausca  them  to  appear,  at  first,  as  if  they  were  inferior 
to  the  autennsQ.  In  this  genus,  the  basicerite,  isohiocente, 
and  merooerite  are  much  thicker  and  stronger  than  the  cor- 
responding joints  of  any  of  the  other  appenda^s ;  and  in  the 
closely  allied  Scyllarua,  the  facial  region  of  which  is,  on  the 
whole,  similarly  conatruoted,  these  joints  become  extremely 
expanded  and  flattened,  and  are  succeeded  by  no  prooerite. 
In  these  genera  the  soaphoocrite,  or  squame,  usually  attached 
to  the  base  of  the  antenna,  ia  absent ;  and,  in  Scyllartis,  there 
is  another  approximation  to  Bracbyuran  sLruclure  in  the  ex- 
istence of  distinct  orbits,  formed  by  a  lobe  of  the  carapace, 
which  descends  on  the  inner  side  of  the  ocular  peduncle,  to 
meet  the  base  of  tbe  antenna.  No  median  septum  is  fonned 
by  the  rostrum,  however,  nor  are  the  antonnules  capable  ot 
being  folded  back  into  distinct  chambers  in  any  Macruran  nt 
present  known. 

1)\&Anomura  are  so  completely  intermediate  in  structure 
between  the  Maerura  and  the  Srachyura,  that  they  need  not 
he  specially  noticed,  except  to  draw  attention  to  the  singular 
deviation  from  the  ordinary  habits  and  form  of  the  higher 
Crustaceans,  presented  by  the  Pctgwrid/R,  or  Hermit  Crab«, 
so  common  on  all  coasts.  Kssentiatly  Macruran  in  their  or- 
eanization,  tlieso  Gru9ta<^a  are  distinguished  from  aU  true 
iHacrura  by  tbe  uncalciBed  and  soft  condition  of  the  integu- 
ment of  tlieir  unsymmetrical  abdomen,  the  appendages  of 
which  are  for  the  most  part  abortive,  those  of  the  sixth  somite 
being  modified  so  aa  to  serve  as  claspera.  It  is  by  means  of 
these  that  the  Hermit  Crab  retains  (inn  hokl  of  the  columella 
of  the  empty  gasteropod  shell  into  which  it  is  his  habit  to 
thrust  his  unprotected  abdomen,  and,  covering  over  his  re- 
tracted body  with  the  enlarged  chela,  which  takes  the  place  of 
an  operculum,  resists  all  attempts  at  forcible  extraction. 

Tlie  internal  structure  of  the  BracJiywa  is,  on  the  whole, 
aimilarto  that  of  the  ilfa«^(ray  but  the  thoracic  ganglia  have 
coalesced  to  n  much  greater  extent  than  in  A»tacus,  forming 
a  single  rounded  mass.     The  branchi»  are  few,  never  exceed- 
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ing  nine  on  each  side,  and  sometimes  not  more  than  seven. 
The  branchiostegite  fits  closely  down  upon  the  bases  of  the 
four  posterior  pairs  of  thoracic  limbs,  and  sometimes  incloses 
a  space  which  is  yery  large  in  proportion  to  the  branchiae. 
This  is  particularly  the  case  in  the  Land  Crabs  (  Gecarcinus)^ 
where  the  spacious  branchial  chamber  is  lined  by  a  thick  and 
vascular  membrane,  which,  in  these  almost  wholly  terrestrial 
Cnutaceay  either  takes  on  to  some  extent  the  respiratory 
function,  or  serves  to  keep  the  air  within  the  branchial  cham- 
ber saturated  with  moisture. 

The  abdomen  in  the  Brachyura  is  comparatively  small ; 
its  sixth  somite  possesses  no  appendages ;  and  the  others,  if 
they  exist  at  all,  subserve  only  a  sexual  purpose,  the  two  an- 
terior pairs  commonly  forming  accessory  copulatory  organs 
in  the  male ;  while,  in  the  female,  so  many  of  these  append- 
ages as  remain  give  attachment  to  the  ova,  which  are  carried 
about  until  hatched,  between  the  thorax  and  the  abdomen, 
which  is  bent  up  against  it.  The  female  Brachyura  also  pos- 
sess a  spermatheca  attached  to  each  oviduct,  which  is  absent 
in  the  Macrura  /  and,  in  this  sex,  the  abdomen  is  larger  and 
broader  than  in  the  males.  In  accordance  with  the  rudimen- 
tary condition  of  this  part  of  the  body,  the  abdominal  gan- 
glia are  represented  only  by  a  cord,  which  proceeds  from  the 
posterior  part  of  the  great  thoracic  mass.  It  is  in  the  con- 
struction of  their  skeleton,  however,  that  the  Brachyura 
present  the  most  interesting  deviations  from  the  Macrura. 
Thus,  if  we  select  the  common  Shore-crab,  Carcinus  moenas 
(Fig.  76),  as  a  typical  example  of  a  Brachyuran,  we  find  that 
the  carapace  is  a  wide  shield,  broader  than  long,  having  a 
somewhat  pentagonal  shape,  and  bent  sharply  inward  at  the 
sides,  instead  of  taking  an  even  sweep  down  to  the  base  of 
the  legs.  It  is  in  such  close  contact  with  the  four  posterior 
pairs  of  thoracic  limbs  as  to  leave  no  passage  or  aperture 
such  as  exists  in  Astacus^  the  only  inlet  for  the  water  required 
for  respiration  being  placed  above  the  basal  joints  of  the  che- 
late anterior  ambulatory  limbs.  The  edges  of  the  carapace  pass 
completely  in  front  of  the  basis  of  the  limbs,  and  then  turn  sud- 
denly forward,  parallel  with  one  another  and  with  the  axis  of 
the  body,  as  the  ptery^ostomial  plates  of  Milne-Edwards,  to 
join  the  antennary  sternum,  which  is  very  wide,  but  short  from 
before  backward.  The  space  included  between  the  edges  of 
the  pterygostomial  plates  and  the  antennary  sternum  is  the 
^' cadre  buccal,'^  or  peristome;  the  antennary  sternum  itself 
receives,  as  in  the  AstactiSy  the  specific  appellation  of  epi' 
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Stoma  ;  and  the  plate  which  stretches  backward  and  supports 
the  labnim,  witlun  its  posterior  forked  boundary,  is  tne  en- 
dastoma. 

The  middle  of  the  dorsal  surface  of  the  carapace  is  marked 
somewhat  nearer  its  posterior  than  its  anterior  boimdarj  bjr 
a  short  transverse  depression,  which  is  continued  on  each  side 
forward  and  outward,  and  then  curves  directly  outward  to  the 
edge  of  the  carapace  (Fig.  76,  cs).  Further  than  this  I 
cannot  trace  this  homologue  of  the  cervical  groove  of  Astctcus, 


Fio.  76.-^r  the  two  npper  fljrares,  the  left  represents  the  dorsal  surface  of  the  cmra- 

{>aoe  of  Carcinus mcMos :  f^  rosimm;  o,  orbit;  c»,  cervical  groove;  a*»  epigastric 
obe;  g^,  nrotogastric ;  ^.mesogastric ;  ^,  hypogiistric ;  ^»,  urogastric;  c,  c',  an- 
terior and  posterior  cardiac  ;  A,  hepatic;  b\  b\0*,  epibranchial,  mesobraDcbial 
and  metabranchial  lobes.  The  lower  figure  represents  a  ventral  view  of  the  an- 
terior half  of  the  same  carapace:  a,  rostral  septum;  b,  antennary  sternum  ;  c, 
satnre  between  these ;  d,  sapraciliarj  lobe ;  «,  internal  snborbitar  lobe ;  /,  anten- 
,  na ;  ^,  articular  cavitv  for  the  ophthalmic  peduncle  ;  A,  the  same  for  the  anten- 
nule ;  o,  orbit ;  sh,  subhepatic  region ;  ep,  anterior  pleural  region.  The  right- 
hand  npper  figure  gives  a  side-view  of  the  carapace  of  8tenorhynehu9  phalangtum^ 
the  common  *^Bplder-crab : "  o.  orbit ;  /*,/*,  rostrum ;  a/,  antennule ;  aty  antenna ; 
<p,  epistoma. 

Elevations  and  depressions  upon  the  surface  of  the  carapace 
in  front  of  the  cervical  groove,  which,  as  in  Astacus^  is  com- 
posed of  the  connate  terga  of  the  six  cephalic  somites,  mark 
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it  out  into  certain  definite  regions  of  considerable  systematic 
importance.  An  irregular  transverse  depression,  crossing  the 
carapace  near  the  anterior  margin,  bounds  an  anterior  or  fa- 
cial region,  divided  into  a  middle /ron^o/  lobe  (/),  and  lateral 
orbital  lobes  f o),  from  a  posterior,  much  larger,  gastro-hepatic 
area,  divided  mto  small  lateral  hepatic  lobes  (A^,  and  a  large 
complex  gastric  lobe  (^*,  ^,  etc.).  The  latter  is  again  sub- 
divided into  two  epigastric  lobes  (^*),  two  protogasiric  lobes 
(g^),  a  median  mesogastric  lobe  (^'),  two  metagastric  lobes 
(g*)^  and  two  urogastric  lobes  (g%  making  altogether  ninfe 
subordinate  divisions.  The  gastric  lobes  correspond  in  a  gen- 
eral way  to  the  stomach  ;  the  hepatic  lobes,  to  a  portion  of 
the  liver.  The  region  behind  the  cervical  suture  consists  of 
the  connate  terga  of  the  eight  thoracic  somites ;  it  is  divided 
by  two  strong  longitudinal  grooves,  the  branchio-cardiac 
grooves,  into  a  middle  region,  corresponding  with  the  heart, 
and  two  lateral  regions,  forming  the  roof  of  the  branchial 
chamber.  A  transverse  depression  divides  the  middle  region 
into  an  anterior  and  a  posterior  cardiac  lobe,  while  the  bran- 
chial region  is  subdivided  into  epibranchial  (ft*),  mesobran- 
chial  (ft*),  and  nietabranchial  (ft*)  lobes. 

On  turning  to  the  inflected  inferior  portion  of  the  cara- 
pace, a  sutural  line  or  groove  is  seen  running  from  the  epi- 
stoma,  outward  and  backward,  very  nearly  reaching  the  outer 
edge  of  the  carapace,  opposite  its  external  angle,  and  then 
sweeping  backward  parallel  with,  and  but  little  distant  from, 
its  postero-lateral  boundary,  until  it  cuts  its  posterior  edge. 
The  portion  of  the  carapace  internal  to  this  sutural  line  is 
called  by  Milne-Edwards  the  inferior  branchioategite^  and  is 
considered  by  him  to  be  composed  of  an  anterior  (ep)  and 
posterior  epimeral  piece,  corresponding  with  the  stwhepatic 
(sh)  and  subbranchial  regions  of  the  surface  of  the  carapace 
between  the  suture  and  the  line  of  inflection.  I  cannot 
regard  these  parts,  however,  as  having  any  relation  with  the 
true  epimera.  The  suture,  or  rather  groove,  seems  rather  to 
correspond  with  that  which  marks  off  the  pleuron  from  the 
rest  of  the  somite  in  Aatacus. 

The  anterior  cephalic  somites  in  Carcinus  have  under- 
gone some  singular  modifications,  whereby  their  true  relations 
are  greatly  obscured.  The  broad  trilobed  plate  (Fig.  76,/*) 
corresponds  with  the  elongated  rostrum  oiAstacus  ;  inforiorly 
it  is  produced  in  the  median  line  into  a  strong  ridge  or  sep- 
tum, the  lower  and  posterior  edge  of  which  is  convex,  and 
fits  closely  into  the  concavity  formed  by  the  antennulary  and 


nphthalmic  sterna,  as  tliey  bcni]  back  from  the  Btemal  fleS- 
iirtt.  This  rostral  septum,  therefore,  abuts  below  and  behind 
on  the  episloma,  and  <-onsLitutes  a  sort  of  partition  (Fig.  76, 
a),  by  which  the  cavitien  in  trbicb  the  antennules  and  eyes  of 
the  two  Bides  are  lodged  are  completely  separated  from  one 
another.  The  lateral  portions  of  the  rostrum  form  n  tlotlenad 
roof  over  the  inner  portions  of  these  cavities,  which  contain 
the  bases  of  the  ophthalmic  peduncles  and  the  antennulea  ; 
but  the  outer  angles  of  the  rostrum  are  produced  downward 
{d ),  to  form  the  tupracUiary  lobe.  The  outer  half  of  th© 
lateral  cavities  or  chambers  is  more  excavated,  and  is  bound- 
ed by  a  strong  pointed  process,  the  external  orhitar  lobe, 
which  is  divisible  into  a  supraorbital  and  suborbital  portion. 
The  tatter  passes  gradually  into  a  strong  process  of  the  sub- 
hepatic region,  called  the  igtlernat  suborbitar  lobe  (Fig.  76, 
e) ;  this  turns  forward  and  upwartl  toward  the  siipraciliary 
lobe,  which  it  approaches,  but  does  not  meet,  the  base  of  this 
antenna  being,  as  it  were,  wedged  between  the  two. 

The  supraciliary,  extcTn&l  orbitar,  and  internal  suhorbi> 
tar  lobes,  and  the  antcnnte,  thus  together  circumscribe  a 
cavity  widely  open  in  front,  which  is  called  the  orbit,  inas- 
much  as  it  lodges  the  terminal  portion  of  the  ophthalmic 
peduncles,  with  the  eyes  which  they  support.  The  proximal 
portions  of  the  peduncles  pass  through  the  comparatively 
narrow  opening  by  which  the  inner  and  outer  chambers  oom- 
miinicate,  between  the  antenna  and  the  supraciliary  process, 
and  are  inserted  as  usual  into  the  articular  cavities  on  each 
side  of  the  opbthntmic  sternum,  which  is  narrow,  and  hardly 
wider  thnn  the  septum.  It  thus  comes  to  pass  that  the  eyes, 
loilged  in  their  orbits,  appear  to  be  altogether  external  to 
the  antennules,  the  enlarged  bases  of  which  hide  the  oph- 
thalmic peduncles,  and  appear  to  be  the  sole  contents  of  the 
inner  division  of  the  subfrontal  chamber;  but  the  true  posi- 
tion of  the  eyes  is  precisely  the  same  as  in  Astacus,  that  is 
to  say,  anterior  and  superior  to  the  antennules.  Another 
interesting  peculiarity  about  the  facial  region  of  the  oara- 
paoe  is  that  the  basal  joints  of  the  antennie  have  coalesced 
with  the  sternum  of  the  antennary  somite,  and,  consequent- 
ly, that  the  bases  of  the  antennie  are  immovable.  There  is 
nn  vestige  of  a  soaphocerite,  and  the  nperture  of  the  organ 
which  answers  to  the  green  gland  of  Aatacus  is  provided 
with  a  peculiar  movable  plate,  provided  with  a  projecting' 
internal  stem,  to  which  delicate  muscles  are  att.iched  in  Car- 
einua.     It  is  this  structure  which  has  been  compared  to  an 
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auditory  ossicle ;  but,  as  in  AstcunM,  the  auditory  sacs  are, 
in  fact,  lodged  in  the  dilated  basal  joint  of  the  antennule. 

A  cervical  fold,  lodging  the  scaphognathite,  occupies  the 
same  relative  position  as  in  AstactiSy  and  marks  off  the 
cephalic  form  of  the  thoracic  re^on,  on  the  sides  of  the  body. 
The  thoracic  sterna  gradually  increase  in  breadth,  and  the 
posterior  ones  are  marked  externally  by  a  strong  median, 
longitudinal  depression,  answering  to  a  corresponding  fold 
on  the  inner  surface.  The  apodemal  cells  are  well  formed, 
but  the  sternal  canal,  so  largely  developed  in  the  Mtzcruraj  is 
absent  in  this,  as  in  all  other  JBrachyura, 

The  structure  of  the  appendages  is  essentially  the  same 
as  in  AstacuSy  but  the  third  thoracic  appendage,  or  external 
maxillipede,  has  its  ischiopodite  and  meropodite  greatly  en- 
larged, so  as  to  form  a  broad  plate,  which,  with  its  fellow, 
covers  over  the  other  organs,  and  hence  receives  the  name  of 
the  gnathostegite.  The  three  terminal  joints  of  the  limb  re- 
main small,  and  constitute  a  palpiform  appendage — the  en- 
dognathcd  palp. 

In  some  of  the  lower  Macrura  the  thoracic  limbs  are  pro- 
vided with  a  short  exopodite,  and  the  posterior  maxillipedes 
become  undistinguishable  from  the  ordinary  thoracic  fimbs. 
Such  forms  lead  us  naturally  to  the  Schizopoda^  a  group  the 
name  of  which  is  derived  from  the  apparent  splitting  of  the 
limbs  produced  bv  the  great  development  of  the  exopodite, 
which,  in  these  Cfrustaceay  is  as  large  as  the  endopodite.  In 
this  group,  again,  a  line  can  hardly  be  drawn,  in  many  cases, 
between  any  of  the  maxillipedes  and  the  thoracic  limbs,  the 
anterior  pair  only  being  somewhat  smaller  than  the  rest. 
Hence  Thysanopoda  is  admitted,  by  Milne-Edwards,  to  have 
eight  pairs  of  thoracic  limbs  ("  Crustac6s,"  ii.  464).  The 
branchiae  in  the  Schizopoda  are  frequently  absent;  when 
well  developed,  as  in  Thyaanopoda^  they  are  not  included 
under  the  branchiostegite,  but  hang  down  freely  from  the 
bases  of  the  thoracic  limbs.  In  Jnysis,  the  only  represen- 
tative of  a  branchia  (if  it  be  one  in  reality)  is  a  process  at- 
tached to  the  first  thoracic  appendage.  Cynthia  has  its 
branchial  appendages  attached  to  the  abdominal  members. 

In  Thysanopoday  Mysia^  and  Cynthia^  the  general  struct- 
ure of  the  body  is  similar  to  that  of  the  Macrura^  except 
that,  in  MysUj  the  greater  number  of  the  abdominal  append- 
ages are  rudimentary. 

In  XfeucifeTy  the  antennary  somite  is  produced  into  a  ver^ 
long  and  narrow  peduncle,  which  supports  the  eyes,  on  their 
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ffreat  stalksi  the  antenniiles,  and  the  antennsy  at  ita  eztran- 
ity,  separating  them  from  the  rest  of  the  cephalo-thorazy 
wiuch  IB  covered  by  a  delicate  carapace,  bent  down  at  the 
aides.  The  anterior  thoracic  members  are  rudimentary,  and 
the  posterior  pair  is  absent.  The  heart  is  short  and  rounded, 
and  situated,  as  usual,  in  the  thorax. 

It  has  been  seen  that  in  Astactu  fluviatUUj  as  in  Jjim^/^ 
bi8  and  Daphnic^  the  embryo  slowly  and  gradually  passes 
into  the  form  of  the  adult ;  to  which  it  is  so  similar  when  it 
leaves  the  effg,  that  the  changes  of  the  young  present  noth- 
ing companulue  to  the  well-known  metamorphoses  of  Butter- 
flies and  Beetles. 

But  most  JPodcphthalmia  rather  resemble  the  Copepoda 
and  the  majority  of  the  MUofnostrcusa^  in  the  fact  that  the 
young,  when  they  leave  the  egg^  have  a  totally  dissimilar 
form  to  that  of  the  parent,  and  only  acquire  the  adult  con- 
dition after  a  series  of  ecdvses. 

The  observations  of  Fritz  Muller '  have  shown  that  the 


Fm.  77.— Aimim.— ^  iVatQ)ttii»4tai;e.  B,  Zoaa  or  Copepod  Btase.   C,  adtiaomO-' 

■tage.    (AtterMQUer.)    *'  *^    "^  -«»<*^ 

young  of  a  species  of  Prawn  (Peneus)  undergo  a  metamor- 
phosis which  runs  parallel  with  that  of  the  Copepoda.  When 
it  leaves  the  ^gg  (Fig.  77,  -4),  the  young  PeneuB  has  an 

I «« For  Darwin,"  1864. 
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oval,  unsegmented  body  with  a  single  frontal  eye,  a  large 
labrum,  and  three  pairs  of  natatorial  appendages — it  is  in  fact, 
to  all  intents  and  purposes,  a  Nauplius.  The  Nauplius-iorm 
next  develops  a  rounded  tergal  shield,  or  carapace ;  the  first 
and  second  pairs  of  appendages,  remaining,  long^^become  the 
antennules  and  the  antennae ;  while  those  of  the  third  pair, 
their  bases  enlarging  at  the  expense  of  the  rest  of  the  append- 
age, become  the  mandibles.  Four  pairs  of  appendages  sub- 
sequently appear  behind  the  mandibles.  The  hinder  three 
pairs  are  bifurcated  and  become  the  two  pairs  of  maxillae  and 
the  first  and  second  maxillipedes.  Behind  these  again  are 
five  pairs  of  short  lamellar  processes,  which  eventually  are 
converted  into  the  rest  of  the  thoracic  appendages.  The  six 
somites  of  the  abdomen  are  long  and  distinct,  and  the  last 
ends  in  two  setose  processes.  They  are  at  first  without  ap- 
pendages. In  this  stage  (Fig.  77,  jd),  which  answers  to  the 
so-called  ZonBa-iovm  of  other  PodophthcUmia^  the  principal 
locomotive  organs  are  the  antennae  and  antennules,  and  the 
resemblance  to  an  adult  Ck)pepod  is  so  striking  that  it  may 
be  termed  the  Copepod-st&ge,  Next,  the  antennae,  diminish- 
ing in  relation  to  the  rest  of  the  body,  cease  to  be  the  prin- 
cipal organs  of  locomotion,  and  the  rapidly-elongating  abdo- 
men assumes  that  function.  The  stalked  double  eyes,  which 
made  their  appearance  in  the  Copepod-stage,  become  more 
fully  developed.  The  jointed  exopodite  of  the  antenna  is  re- 
placed by  a  single  plate.  The  greatly-enlarged  thoracic  limbs 
are  provided  with  an  endopodite  and  an  exopodite,  as  in  the 
Schizopoda,  the  branchiae  are  developed  from  them,  and  the 
abdominal  appendages  make  their  appearance.  This  may  be 
termed  the  Schizopod-st&ge  (Fig.  77,  C).  Lastly,  the  me- 
dian eye  vanishes,  the  exopodite  of  the  locomotive  thoracic 
limbs  disappears,  and  the  larva  assumes  all  the  characters  of 
the  adult  jreneus. 

In  the  great  majority  of  the  PodopTUhalmia  the  embryo 
undergoes  as  remarkable  a  metamorphosis  after  it  leaves  tne 
egg.  This  fact  was  first  indicated  by  Siebold,  afterward 
demonstrated  by  Vaughan  Thompson,  whose  observations 
have  been  confirmed  and  extended  by  many  more  recent  ob- 
servers, notably  by  Spence  Bate  *  and  Claus.'  But  the  stages 
of  this  metamorphosis  differ  from  those  observed  in  Peneua  in 

>  **  On  the  Development  of  Decapod  Crustacea.*'  (Philosophical  Transac- 
tions, 1867.) 

«  "  Zur  Kenntniss  der  Malakostracenlarven."  ("W&rzburg  "  NaturWissen- 
Bchaftliche  Zcitschrifl/'  1861.) 
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the  apparent  absence  of  the  first  or  I^niupliuti  condition, 
sibly,  however,  thia  is  represented  by  a  delicate  cuticular  in- 
vestment which  the  larva  throws  off  soon  after  leaving'  the 
egg.  It  then  corresponds  with  the  later  form  of  the  Copepod 
stage  of  Peneus,  and  is  termed  a  Zoma.  The  Zoeea  hao  a 
short  carapace,  often  provided  in  the  median  frontal  and  dor- 
sal regions  with  long  spine-like  prolongations.  There  is  a 
mcdiun  simple  eye  between  the  lateral  sessile  faceted  eyes,  a 
pair  of  antcnnules,  a  pair  of  antennffi,  a  pair  of  maa^bles, 


Fm.  18.— DcvclopmBnlof  tWrcinmmtWKM.— ^.  2i™a-#tnBB.   B,  Xrgi^t)pa-Mst.    C, 
inua\  aUlc.    {After  Cuucb.) 

and  two  pairs  of  maxillje  ;  in  short,  all  the  appendages  of  the 
head.  Of  the  appendages  of  the  thorax,  the  first  two  pairs 
are  well  developed,  and  terminate  in  an  exopodite  and  an  en- 
dopodito.  But  behind  theso,  which  become  the  first  and  the 
second  pair  of  m ax illi pedes,  only  short  rudifnents  of  the  six 
remaining  pairs  of  thoracic  appendafjea  are  to  be  found,  and 
the  somites  of  the  long  abdomen  have  no  appendages  at  all. 
Subsequently  those  make  their  appearance,  the  posterior  tho- 
racic members  increase  in  size,  the  eyes  become  raised  upon 
short  peduncles,  and  the  larva  resembles  one  of  the  lower 
Mncrura.  The  oarapacc  next  becomes  broader,  and  its  spines 
shorter,  while  the  ambulatonr  thoracic  limbs  take  on  the 
characters  of  those  of  the  adult,  the  bifurcated  first  and  sec- 
ond pairs  becoming  metamorphosed  into  the  first  and  second 
maxillipcdes.     The  abdomea   becomes    relatively  short   and 
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slender,  and  the  larva  takes  on  the  characters  of  one  of  the 
Anomura.  In  this  stage  it  has  been  named  Megalopa.  By 
further  changes  in  the  same  direction,  the  Anomuran  con- 
dition passes  into  that  of  the  young  Brachyuran.  All  these 
modifications  of  form  are  accompanied  by  exuviations  of  the 
chitinous  cuticula. 

The  successive  stages  are  well  exemplified  by  the  young 
of  the  Shore-crab,  Carcinua  mcenas  (Fig.  78,  -4,  -S,  C).  The 
larva,  on  leaving  the  eg^,  has  sessile  eyes,  a  long  pointed 
rostrum,  and  a  spine  projecting  from  the  middle  of  the  cara- 
pace ;  rudimentary  antennsa,  and  two  pairs  of  locomotive  ap- 
pendages— the  rudiments  of  the  anterior  maxillipedes.  The 
abdominal  somites  are  without  appendages,  and  the  telson  is 
broad  and  bilobed  (Fig.  78,  A), 

This,  the  Zcxsa-stage,  after  repeated  ecdyses,  assumes  the 
Megalopa  form  represented  in  Fig.  78,  B.  Finally,  the  car- 
apace becomes  broader,  the  abdomen  loses  its  appendages, 
and  is  bent  up  under  the  thorax ;  the  peculiarities  of  the  fa- 
cial region,  characteristic  of  the  Brachyuray  are  developed ; 
the  antennules  and  ambulatory  members  acquire  their  char- 
acteristic proportions  ;  and  the  little  Brachyuran  by  degrees 
assumes  the  special  peculiarities  of  Carcinus  (Fig.  78,  (J), 

The  development  of  the  Opossum  Shrimp  (Jiff/sisY  is  par- 
ticularly interesting,  as  it  appears  to  indicate  the  relations 
between  the  two  modes  of  development,  that  with  and 
that  without  metamorphosis,  which  obtain  in  the  Crustacea 
(Fig.  79). 

The  ova  consist  of  a  vitelline  mass,  inclosed  within  a  deli- 
cate chorion.  The  blastoderm  appears  as  an  oval* patch 
upon  the  surface  of  the  yelk  (Fig.  79,  Ay  c),  thickest  in  the 
middle,  and  here  presenting  a  more  or  less  marked  depression 
(Fig.  79,  A,  By  c).  It  is  sharply  defined  from  the  subjacent 
yelk  {b)y  and  consists  of  a  finely  granular  mass,  in  which  mul- 
titudes of  nuclei,  about  yg^ir  ^  tcW  of  an  inch  in  diameter, 
are  imbedded. 

The  blastoderm  next  becomes  larger  at  one  end  than  at 
the  other,  and  a  median  sinuation  gradually  divides  this  ex- 
tremity into  two  lobes,  which  will  eventually  form  the  ante- 
rior parietes  of  the  head,  and  may  be  called  the  procephalic 
lobes.* 

>  Conf.  E.  van  Beneden,  "  D^veloppement  des  Mysis/'  (*^  Bulletin  de 
rAoad^mie  de  Broxelles,''  1869.) 

^  It  is  exceedingly  interesting  to  remark  the  correspondence  between  the 
embryonic  utructure  of  the  head  of  Mytit  (and  I  may  add  that  of  other  Art^r<h 
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The  median  depression  beoomes  more  decided,  and,  at  the 
end  opposite  the  procephalic  lobes,  the  blastoderm  is  produoed 
into  a  sort  of  paplla,  oireoted  forward.  This  is  the  rudiment 
of  the  caudal  extremity.  From  the  anterior  part  of  the 
blastoderm  there  arise,  on  each  side,  two  papillsB,  the  points 
of  which  are  directed  backward,  and  which  will  become  the 
anteunules  and  antennae.  The  whole  of  these  parts  are  in- 
yested  by  a  delicate  cuticular  membrane,  which  gradually  ex- 
tends oyer  and  inyests  the  whole  yelk  beneath  the  yitellary 
membrane.    At  the  end  of  the  caudal  papilla  it  forms  a  broad 

f>rocess,  produced  into  setse,  which  sometimes  appear  fan- 
ike,  sometimes  so  deeply  bifid  as  to  resemble  two  styles. 

The  embryo  has  now  reached  what  we  may  term  its  lanral 
staffe,  and,  in  this  condition,  it  leayes  the  yitellary  membrane 
wi^n  which  it  was  inclosed,  and  lies  free  in  the  oyigerous 
pouch  of  the  parent.  At  the  same  time,  the  caudal  extremity 
enlarges,  and  straightens  itself  out,  so  that  no  indication  of 
its  preyious  inflexion  against  the  thoracic  portion  of  the  blas- 
toderm remains.  The  lanra  thus  much  resembles  a  pear 
(Fig.  79,  Dy  JS)j  with  four  processes  (2,  d),  the  antennules 
and  antennae,  which  haye  now  become  much  elongated,  on 
one  surface. 

The  young  MyHs  next  grows  rapidly  and  undergoes  great 
changes  in  form  :  but  it  is  a  yenr  remarkable  fact,  that  the 
primitiye  integument  remains  unaltered  ;  gradually  enlarging, 
to  accommodate  itself  to  the  increased  size  of  the  foetus,  in- 

Fxo.  79. 


poda)  and  that  of  the  head  of  a  vertebrate  embryo.  The  prooephalio  pro- 
cesses rosemble  in  a  remarkable  manner  the  trabtcuUB  cranii  of  the  vertebrate 
embryo ;  and  the  oephalio  flexure  of  the  Gmstaoean  or  Insect  has  its  analogue^ 
if  not  its  homologue,  in  the  angle  wUoh  the  trabecular  region  of  the  base  of 
tiie  skull  at  first  miuces  iHUi  the  parachordal  region  in  almost  all  Vertebraia, 
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deed,  but  otlicririse  takiog  no  share  whatever  in  its  changM, 
The  young'  Myai»  might,  therefore,  in  this  condition  be  justly 
termed  a  pupa,  for  the  relation  of  the  primitive  integumeut 
to  the  animal  which  it  iaclosea  is  precisely  that  of  the  pupa 
skin  to  the  imago  of  an  insect. 

The  antennules  and  sntennffl  remain  intact  within  the 
sheaths  aflorded  bj  the  primitive  integument,  but,  becoming 
immensely  elongated  and  divided  at  their  extremities,  asBume 
more  and  more  their  proper  adult  conformation. 

In  front  of  the  antennules,  a  large  rounded  protuberance 
makes  its  appearance  upon  each  proccphalic  lobe,  and  event- 
ually becomes  the  ophthalmic  peduncle.  At  first,  the  sternal 
portions  of  the  somites,  corresponding  with  these  three  paira 
of  appendages,  oocupy  the  same  plane  with  one  another  and 
the  posterior  sterna  (Fig.  7(1,  F,  0) ;  but,  by  degrees,  they 
become  bent  up  (Fig.  I'd,  H),  and  at  length  the  ophthalmic 
sternum  occupies  the  upper  and  front  part  of  the  head  (Fi^. 
79,  I).  In  this  way  the  "  cephalic  ilcsiue "  is  produced. 
The  mouth  is  indicated  behind  the  antenuary  sternum,  which 
projects  backward  in  the  middle  line  to  form  the  labrutn.  On 
each  side  of  it  the  rudiments  of  the  mandibles  appear,  and 
behind  these  are  the  papillary  commenoements  of  the  two 
pairs  of  maxillffi.  Behind  the  second  pair  of  maxillie  a  dis- 
tinct constriction  indicates  the  commencement  of  the  thorax, 
the  appendages  of  which  appear,  at  first,  as  tubercular  pleva- 
tions,  all  of  precisely  the  same  character,  and  all  directed 
backward  parallel  with  one  another.  The  abdomen  is  at  first 
very  small,  arnj  the  appendages  of  its  sixth  somite  early  ac- 
quire a  far  larger  siie  thno  the  others.  ITie  telaon  is  devel- 
oped from  the  middle  line  above  the  anus.  While  all  these 
changes  are  giiing  on,  the  blastoderm  gradually  extends  over 
the  tergal  surface  of  the  embryo  and  closes  it  in.  When  the 
carapace  is  Grst  distinguishable  it  appears  as  a  ridge  arising 
from  the  sides  of  the  posterior  thoracic  somites,  beginning  at 
the  last  but  one,  and  gradually  extending  forward  as  far  as 
the  antennary  somites.  The  ridge  increases  and  becomes  a 
fold,  which  overhangs  the  bases  of  the  thoracic  appendages 
(Fig.  79,  G)  ;  and  if  this  fold  be  turned  back  (Fig.  79,  -T),  its 
actual  attachments  may  be  readily  demonstrated. 

Having  advanced  thus  far  in  its  development,  the  foetal 
Jtfysis,  with  all  its  organs  fully  formed,  though  somewhat 
different  in  appearance  from  those  of  the  adult,  casts  its  pupa- 
skin  and  straightens  its  body,  which,  from  having  its  pos- 
terior portion  bent  on  the  anterior,  as  in  the  embryo  (Big. 
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79,  B),  had  gradually  in  the  pupa  (Fig.  79,  J^  G)  assumed 
the  opposite  oni-vature.  Its  dimeDsioiis  are  tfareeiold  those 
of  the  embryo,  and  it  exhibits  vintoious  moremeDts  when  ex- 
tracted from  the  pouch  of  the  parent.  It  is  not  improbable 
it  may  yet  undergo  another  change  of  integument  before  ac- 
quiring the  full  form  of  the  adult. 

Thus  it  appears  that,  in  Mytit,  the  i^au/>/tu« -stage  (Fig, 
79, 1},  -E)  is  passed  orer  bo  rapidly  that  the  embryo  baa  gone 
through  it  at  a  very  early  period,  and  nothing  but  the  outiou- 
lar  sheath  of  the  body  appertaining  to  thia  stage  remains  to 
prove  its  existence.  A  step  further,  in  the  abbreviation  of 
the  iVaupfttM-stage,  and  there  voutd  be  nothing  to  distin- 
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guisfa  the  general  course  of  the  development  of  Myaia  from 
that  of  Aatacu».  On  the  other  hand,  another  Schizopod, 
Euphausia,  has  been  shown  by  MetsobnikoS '  to  leave  the 
ej^  as  a  true  NaupHiu. 

>  ZtOtOrift/ar  uia.  Zool.,  \m. 


The  Glass-crabs,  or  Phyilusomala  (Fig.  80),  are  suifpilar 
miuine  pelagic  Crustacea,  in  which  the  bodj  consists  almost 
wholly  of  two  large,  extremely  flat  and  transparent  disks, 
devoid  of  any  segnientalion.  The  anterior  of  these  bears 
the  pedunculated  eyes,  the  antennules  and  the  antennie  on 
its  anterior  margin  ;  while  the  labruci,  with  the  mandibles 
and  anterior  pair  of  maxillv,  form  a  amall  projection  poste- 
riorly on  its  ventral  surface.  Tlie  second  pair  of  maxillie  is 
situaled  a  little  more  backward  and  outward,  and  bears  a 
BcapLognathite  ;  and  just  behind  these  appendages  is  the 
fold  of  a  cervieal  groove  wliicli  separates  the  anterior  disk 
froRi  the  posterior.  The  anterior  disk  contains  the  stomach 
and  the  liver,  and  in  this  respect,  as  in  its  appendages,  cor- 
responds exactly  with  the  eephalostegite  of  the  carapace  of 
an  ordinary  Crustacean,  and  its  six  cephalic  sterna.  The  pos- 
terior disk,  on  the  other  hand,  contains  the  short  and  almost 
round  heart,  witli  the  intestine,  and  bears  the  eight  paira  of 
thoracic  appendages,  the  anterior  and  posterior  of  which  are 
not  uncommonly  rudimentary.  The  abdomen  is  usually  very 
small,  and  situated  in  a  notch  at  the  posterior  edge  of  the 
thoracic  disk.  It  is  provided  with  eix  pnirs  of  appendages. 
No  generative  organs  have  been  found  in  the  Phytlosomata^ 
and  there  is  reason  to  believe  that  they  are  merely  larvte  of 
the  Macruran  genera  Paiinurue,  8cyllarv»,  Thenutf  and  their 
allies. 

The  Cuuacea. — These  are  very  remarkable  forms,  allied  to 
the  Schizopoda  and  Nebalia,  on  the  one  hand,  and  on  the 
other  lo  the  Jidriophthalmia  and  Copepoda  ;  while  they  ap- 
pear, in  many  respects,  to  represent  persistent  larvre  of  the 
higher  Cruatm-fa. 

Cxtma  liathkii  might,  at  first,  be  readily  mistaken  for  & 
Copepod.  It  posficsBPs  a  comparatively  small,  thick  carapace, 
apparently  produced  inio  a  rostrum  anteriorly,  and  succeeded 
by  a  series  of  twelve  gradually  narrowing  free  segments,  the 
appendages  of  which  are  in  great  part  obsolete.  The  last  of 
these  segments  is  a  pointed  telson  ;  the  anterior  five,  belong' 
ing  to  the  thorax,  bear  thoracic  limbs,  while  the  eleventh,  the 
last  true  somite  of  the  body,  carries  its  characteristic  styli- 
form  appendages.  The  appendages  of  the  preceding  abdom- 
inal somites  may  he  eitlier  absent  or  very  small  and  rudimen- 
tary. Dohni  has  proved  that  this  is  true  only  of  the  females 
among  the  Cwtiacea.  The  males,  which  were  formerly  re- 
ferred to  the  genera  Boilotrht  and  Alatma,  often  have  well- 
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developed  abdominal  limbs,  though  they  appear  late.  It  is 
interesting  to  find  that  the  females,  in  this  respect,  retain 
more  of  the  larval  character  than  the  males. 

On  examining  the  apparent  rostrum  with  care,  it  is  found 
to  be  divided  along  the  middle  line  by  a  fissure  which  runs  in 
front  of  the  eye  (which  is  here  single  and  sessile),  divides  into 
two  branches,  which  run  backward  and  outward,  and  termi- 
nate before  traversing  half  the  length  of  the  carapace  ;  they 
thus  cut  off  a  median  lobe,  bearing  the  eye  at  its  apex,  from 
two  lateral  processes.  The  lateral  processes  are  simply  pro- 
longations of  the  antero-lateral  regions  of  the  posterior  di- 
vision of  the  carapace  (as  it  were  the  antero-lateral  angles  of 
the  carapace  of  MysU^  excessively  produced  and  meeting  in 
the  middle  line) ;  while  the  middle  lobe  corresponds,  I  believe, 
with  the  cephalostegite  of  the  carapace  in  ordinary  Podoph- 
thalmia^  the  insertions  of  the  mandibular  muscles  occupying 
their  normal  position,  toward  its  posterior  boimdary.  The 
hinder  part  of  the  carapace  will  therefore  correspond  with  the 
terga  of  the  three  anterior  thoracic  somites,  the  five  posterior 
ones  being,  as  has  been  seen,  free  and  movable. 

The  five  anterior  pairs  of  thoracic  appendages  are  con- 
structed much  on  the  same  plan  as  those  of  the  Schizopoda  ; 
the  three  posterior  have  no  exopodite.  In  the  female,  the 
sixth  abdominal  somite  alone  has  appendages,  but  in  the  male 
the  two  anterior  abdominal  somites  are  provided  with  styles. 
Ovigerous  plates  are  attached  to  the  fourth,  fifth,  and  sixth  tho- 
racic appendages  in  the  female.  The  structure  of  the  head  is 
peculiar.  No  ophthalmic  sternum  nor  ophthalmic  peduncles 
are  discernible,  the  single,  or  closely  approximated  two,  eyes 
being  sessile  on  the  median  line  on  the  superior  surface  of 
the  head.  The  coxopodites  and  basipodites  of  the  antennules 
and  antennae  are  bent  down  almost  at  right  angles  with  the 
axis  of  the  body,  and  appear  to  be  connate,  or  confluent,  with 
their  sterna.  The  succeeding  joints  are  free  and  pass  for- 
ward, the  antennules  being  much  longer  and  stronger  than 
the  antennae  in  the  females,  while  in  the  males  the  antennas 
are  very  long;  the  labrum  is  large  ;  the  mandibles  strong  and 
unprovided  with  a  palp.  There  is  a  distinct  metastoma,  and 
the  maxillae  are  delicate  and  foliaceous.  A  papillose  bran- 
chial plate  is  attached  to  the  base  of  the  first  thoracic  append- 
age. The  surface  of  many  parts  of  the  body  in  some  species 
exhibits  a  very  peculiar  sculpturing,  singularly  like  that  ex- 
hibited by  the  JEurypterida, 

As  in  the  Podophthalmiay  the  heart  is  short  or  mod- 
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erately  elongated,  and  situated  in  the  posterior  part  of  the 
thorax. 

Dohrn*  has  shown  that  the  development  of  the  dsnuMeea 
takes  place  without  metamorphosis.  In  most  respects  the 
embrjo  resembles  that  of  MysU  ;  but,  instead  of  the  outicu- 
lar  investment  of  the  transitory  JVaup/»tM-stage  with  its  two 
pairs  of  appendages,  there  is  onlv  a  sort  of  cuticular  sac  with 
a  thickening  in  the  middle  line  of  the  tergal  aspect,  which  the 
embryo  bursts  as  it  acquires  a  larger  size.  In  this  respect, 
the  resemblance  of  the  embryonic  development  of  the  Ownria- 
eea  to  that  of  the  £dr%aplUhalmia  is,  as  Dohm  points  out, 
very  striking,  and  no  doubt  they  form  a  connecting-link  be- 
tween the  jnxiophthaknia  and  the  EdriophthcUmia.  Having 
regard  to  their  whole  organization,  on  the  other  hand,  they 
stand  at  the  bottom  of  the  Malacostracan  group,  and  are  com- 
parable to  a  1^9n€tM-larva  in  the  Copepod  stage,  the  limbs  and 
Dody  of  which  are  modified  in  the  direction  of  the  SchitopodOj 
while  the  fore-part  of  the  head  has  remained  Copepodous. 

Fossil  Brachyura  are  abundant  in  tertiary  deposits,  but 
are  rare  in  formations  of  earlier  date.  Mdcrura  of  a  pecul- 
iar type  (Kryofi)  occur  in  the  mesozoic  rocks,  and  perhaps 
the  carboniferous  Oampsonyx  should  be  referred  to  the  Po- 
dophthalmia. 

Thk  Edriophthalmia. — These  resemble  the  Podophthal- 
mia  in  never  possessing  a  greater  than  the  typical  number  (20) 
of  somites,  though,  in  some  members  of  the  group,  the  body 
is  composed  of  fewer  somites,  in  consequence  of  tlie  abortive 
or  rudimentaiy  condition  of  the  abdomen.  Eyes  may  be 
absent ;  when  present,  they  are  usually  simple,  and  are  either 
sessile  or  seated  upon  immovable  peduncles  (Munna),  The 
antennules  almost  disappear  in  the  terrestrial  Isopoda^  while 
the  antennae  become  rudimentary  or  vanish  in  some  Am- 
phipoda.  The  mandibles  lose  their  palps  in  the  Woodlice ; 
which,  thus,  as  in  the  presence  of  only  one  pair  of  well-devel- 
oped antennary  organs,  approach  Insects.  Ordinarily,  the 
posterior  seven,  and,  at  fewest,  the  posterior  four,  thoracic 
somites  are  perfectly  distinct  from,  and  freely  movable  upon, 
one  another.  The  ophthalmic  and  antennary  somites  have 
coalesced  with  the  rest  of  the  head  ;  the  branchiae  depend 
from  the  thoracic  limbs,  or  are  modi6cations  of  the  abdomi- 
nal appendages ;  and  the  heart  is  elongated  and  many-cham- 

»  "  Ueber  den  Bau  und  die  Entwickelung  der  Cumaceen."    ("  Untersucbun- 
^n  Ober  Bau  und  Entwickelung  der  Arthropoden,''  1870.) 


THE  .EDBIOPHTHALMU. 


311 


bered.  But  the  Balient  oharaoters  of  the  group  will  be  best 
understood  by  the  studj  of  such  a  genus  ss  AmphithoS,  the 
principal  details  of  the  organization  of  which  are  represented 
in  Fig.  81. 

The  body  of  this  animal  is  oompressed,  bent  upon  itself, 
and  divided  into  fifteen  veir  distinct  segments,  reckoning  the 
head  as  the  first  and  the  tebon  as  the  last. 


Fm.  il.-~AniMai)l.—Tbt  Istten  ind  Offarea  lUTs  lbs  mat  ■IgnUlottton  U  Id  otbar 
(Urorei  orCniaUCM,  ezcapt  s*,  omuiltei  Ar,  bnuicbba;  C,  Uteial  Tlew  of 
■tonucb  (Zi)  opened  rmmaDOTe;  0,4,  E,  dUenntpirMoflheirnwtnK. 

The  head  presents  a  rounded  tergal  surface  ;  the  anterior 
face  is  disposed  perpeodioularly  to  the  axis  of  the  body,  and 
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is  produced  anteriorly  into  a  strong,  curved,  and  pointed  roe- 
truin  ;  on  each  side  it  bears  an  aggregation  of  simple  eyes, 
and  in  front,  immediately  beneath  the  rostrum,  this  face  gives 
attaohment  to  two  long,  many-jointed  antennules.  Below 
these,  two  antennae,  shorter,  and  fewer-jointed  than  the  an- 
tennules, are  inserted,  and  the  inferior  part  of  the  face  is 
com  plot  tni  by  a  large  movable  labrum.  Behind  this  come 
the  MtrtMig,  toothed  palpigerous  mandibles  (IV),  and  two 
iviirs  of  more  or  less  foliaceous  maxillae.  Inasmuch  as  the 
eyes  are  sessile,  these  live  pairs  of  appendages  are  all  that 
belong  to  the  head  proper ;  but,  just  as  in  the  Podop/Uhal- 
mi<i,  certain  of  the  anterior  thoracic  appendages  are  con- 
verted into  accessory  gnathites,  so,  in  AmphUho^  the  first 
pair  of  these  members  are  applied  against  the  mouth, -and 
lorin  a  large  lower  lip  (VTI'), 

The  ^^  head  '^  of  Amphiiho^^  therefore,  is  formed  by  the 
coalescence  of  the  seven  anterior  somites  of  the  body,  but  I 
believe  that  the  tergum  of  the  seventh  (or  first  thoracic)  so- 
mite is  obsolete,  as  in  a  Stomatopod,  and  hence  that  the  ter- 
gal surfiioo  of  tlio  head  of  the  hdriophthalmia  corresponds 
exjiotly  with  tlio  oophalostegite  (or  that  part  of  the  carapace 
which  lies  in  front  of  the  cervical  groove)  in  PodophthcUmia, 
Mr.  Spenoe  Bate  has  shown,  in  his  valuable  "Report  on  the 
Edriophthahnia^^^  that  in  the  Crustacea  at  present  under 
discussion,  a  strong  apodeme  arises  on  each  side  from  the 
posterior  part  of  the  sternal  region  of  the  head,  and  passing 
inward  and  forward  meets  with  its  fellow  to  form  an  endo- 
phragmal  arc)],  which  supports  the  oesophagus  and  stomach, 
and  protects  the  nervous  commissure  between  the  first  and 
second  sub-oesophagcal  ganglia,  which  runs  under  it. 

The  discoverer  of  this  structure  conceives  that  it  repre- 
sents the  terga  of  the  three  somites  immediately  succeeding 
the  mouth  ;  but  I  cannot  see  that  it  is  other  than  the  repre- 
sentative of  the  precisely  similar  mesophragm  formed  by  the 
anterior  apodemes  in  Aatacus,  In  fact,  the  correspondence 
in  structure  between  the  head  of  an  Amphithod  and  the  ceph- 
alic portion  of  the  cephalo-thorax  of  Astactia  is  not  a  little 
striking.  There  is  the  same  sternal  flexure,  the  same  relative 
position  of  the  stomach,  and  of  the  insertions  of  the  mandibu- 
lar muscles.  The  great  difference  lies  in  the  abortive  condi- 
tion of  the  ophthalmic  appendages.* 

1  A  stron;;  endophrajirmal  aroh  separates  the  sub-oesophai^al  gan^^lia  and  oom- 
missuroA  from  the  truUet  in  Squilla^  but  has  different  conneotions  (Fig,  88).  A 
very  similar  endophragmal  aroh  is  found  in  the  Insect  head.  See  the  descrip- 
tion of  the  head  of  MaUa  {infra). 
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The  seven  free  somites  of  the  thorax  each  give  attachment 
to  a  pair  of  limbs.  It  is  characteristic  of  AmphithoSy  as  of  the 
Amphipoda  in  general,  to  have  the  five  anterior  pairs  of  tho- 
racic members  directed  forward.  Each  limb  consists  of  an 
expanded  ooxopodite,  succeeded  by  the  other  six  joints  of  the 
typical  crustacean  limb. 

In  the  male,  a  single  vesicular  lamella,  the  branchia,  is 
attached  to  the  inner  side  of  the  coxopodite  of  the  append- 
ages of  the  ninth  to  the  fourteenth  somites  inclusively ;  but, 
in  the  female,  an  additional  plate,  convex  externally  and  con- 
cave internally,  is  attached  above,  and  internal  to,  the  branchia 
of  the  9th  to  the  12th  somite.  These  oostegites,  as  they  may 
be  called,  inclose  a  cavity  in  which  the  incubation  of  the  eggs 
takes  place. 

The  abdomen  consists  of  six  somites  and  a  very  small  ter- 
minal telson.  The  appendages  of  the  three  anterior  somites 
are  terminated  by  two  multiarticulate  setose  filaments  (Fig. 
81,  XV'),  while  in  the  three  posterior  the  corresponding 
parts  are  styliform,  and  serve  as  a  fulcrum  for  the  abdomen 
when  the  animal  leaps,  by  the  sudden  extension  of  that  region 
of  the  body. 

The  JSdriophthalmia  are  ordinarily  divided  into  three 
groups.  The  Amphipoda^  which  resemble  AmphithoSy  are 
characterized  by  their  compressed  form  and  their  ordinarily 
saltatory  habits ;  by  having  thoracic  branchise  ;  by  the  for- 
ward direction  of  their  four  anterior  locomotive  limbs  (2d 
to  5th  pairs  of  thoracic  appendages),  and  by  the  contrast 
between  the  three  anterior  and  the  three  posterior  pairs  of 
abdominal  appendages.  The  common  Sand-hopper  is  the  most 
familiar  example  of  this  division.  The  second  group  is  that 
of  the  LcBmodipoday  distinguished  by  the  rudimentary  state 
of  .the  abdomen,  which  is  reduced  to  a  mere  papilla,  and  by 
the  coalescence  of  the  second,  as  well  as  the  first,  thoracic 
somite  with  the  head,  so  that  the  anterior  limbs  appear  to  be, 
as  it  were,  suspended  under  the  neck.  The  strangely-formed 
genera  CyamuSy  the  parasite  of  whales,  and  CapreUay  which 
IS  very  common  upon  our  own  coast,  adhering  to  corallines, 
sea-weeds,  and  starfish,  belong  to  this  group. 

The  Isopoday  which  constitute  the  third  group  of  the 
Edriophthcdmiay  are  usually  depressed  instead  of  compressed, 
and  run  or  crawl  instead  of  leaping.  Many,  like  the  common 
Woodlouse  (0ni8cus)y  possess  the  power  of  rolling  them- 
selves into  a  ball  when  alarmed ;  some,  like  the  last-named 
genus,  are  terrestrial ;  others,  like  the  AselluSf  inhabit  fresh 
14 


in  the  Isopoda  is  essentially  the  same  as  in  t!ie  AmpUipoda, 
thouKt  differing  considerably  in  details.  The  branchiie  of 
the  tlioracic  members  are  absent,  their  functions  being;  per- 
formed by  the  cndopodttes  of  some  of  the  abdominal  mem- 
beie,  which  are  soft  and  vascular.  The  three  anterior  pairs 
of  thoracic  members  are  usually  directed  forward — the  four 
posterior  pairs  backward.  In  some  liopoda  the  abdominal 
somiles,  partly  or  wholly,  coalesce  with  one  another. 

In  all  the  £driop/uhaljnia  the  alimentary  canal  is  straight 
and  simple,  and  its  anterior  gastric  dilatation,  frequently 
strongly  armed,  is  situated  in  the  head.  The  liver  is  repre- 
sented by  a  variable  number  of  Htraiglit  cffica. 

Occasionally  there  are  one  or  two  cieca  which  open  into 
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the  posterior  part  of  the  intestine^  and  appear  to  be  urinary 
organs  analogous  to  the  Malpighian  caeca  of  insects. 

The  respiratory  organs  vary  greatly  in  structure.  In  most 
Edriophthalmia  they  are  simple  plates  or  sacs,  the  delicacy 
of  the  integument  of  which  permits  of  the  free  exposure  of 
the  blood  circulating  in  them  to  the  air.  In  the  amphipod 
genus  Phrosina^  however,  the  branchiae  are  composed  of  rudi- 
mentary lamellae,  attached  to  an  expanded  stem,  and  resem- 
ble not  a  little  the  epipoditic  branchiae  of  Astctcus,  In  some 
Spho&romidoBy  Duvernoy  and  Lereboullet  found  the  branchial 
endopodites  transversely  folded,  so  as  to  approach  those  of 
the  Xiphosura. 

The  exopodites  of  the  abdominal  members  of  the  Isopoda 
frequently  cover  the  modified  endopodites,  forming  opercula, 
and  the  first  pair  of  abdominal  limbs  is,  in  many  genera,  al- 
tered in  such  a  manner  as  to  form  one  such  large  operculum 
for  the  four  pairs  which  succeed  it.  In  the  IdoteidcB  it  is,  on 
the  other  hand,  the  sixth  pair  of  abdominal  limbs  which  are  so 
modified  as  to  form  the  curious  door-like  opercula  which  cover 
the  gills. 

In  certain  of  the  terrestrial  Isopoda  {PorceUiOj  Arma- 
dillidium)y  some  of  the  opercular  plates  of  the  branchiae, 
usually  the  two  anterior  pairs,  contain  curiously  ramified  cav- 
ities, which  open  externally,  and  contain  air.  The  genus 
Tt/los  possesses  respiratory  organs,  which  present  a  still  more 
interesting  approximation  to  those  of  the  purely  air-breath- 
ing ArticulcUa,     They  are  thus  described  by  Milne-Edwards  : 

"The  abdomen  presents  inferiorly  a  deep  cavity,  very 
similar  to  that  of  the  SphoBromcB^  in  which  the  five  anterior 
pairs  of  appendages  are  lodged ;  but  this  cavity,  instead  of 
being  completely  open  below,  is  imperfectly  closed,  in  its  pos- 
terior half,  by  two  series  of  lamellar  prolongations,  which 
arise  from  the  sides  of  the  inferior  faces  of  the  third,  fourth, 
and  fifth  abdominal  segments,  and  pass  horizontally  inward ; 
the  first  pair  of  these  plates  is  small,  those  of  the  third  pair 
are,  on  the  other  hand,  very  wide,  and  almost  meet  in  the  me- 
dian line.  The  four  anterior  pairs  of  abdominal  appendages, 
lodged  in  this  cavity,  each  carry  a  wide  and  short  quadrilat- 
eral appendage,  the  surface  of  which  is  raised  into  a  transverse 
series  of  large  longitudinal  elevations,  and  each  of  these  eleva- 
tions presents  inferiorly  a  linear  aperture  leading  to  a  respir- 
atory vesicle,  the  parietes  of  which  are  covered  with  a  multi- 
tude of  little  arborescent  caeca.  These  vesicles  when  extracted 
from  the  interior  of  the  limb  closely  resemble  a  brush-like 
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branchia,  having  its  longitudinal  canal  in  communication  with 
the  atmosphere  by  a  longitudinal  stigma.  The  fifth  pair  of 
abdominal  members  are  rudimentary,  while  the  fdxth  consti- 
tute the  door-like  triangular  valves  covering  the  anus,  and  all 
the  inferior  face  of  the  last  abdominal  segment."  ^ 

The  nervous  system  in  the  Amphipoda  consists  of  supra* 
oesophageal  or  cerebral  ganglia,  united  by  commissures  with 
an  iufra-cesophageal  mass,  whence  commissural  cords  pass  un- 
der the  endophragm  to  the  anterior  of  the  thoracic  ganglia,  of 
which  there  are  commonly  seven  pairs,  succeeded  by  five  or  sis 
pairs  of  abdominal  ganglia.  In  some  laopoda  ( Cf/mothoa^ 
Idotea)  the  abdominal  ganglia  are  also  distinct;  but  in  others, 
such  as  u3Ega  bicarinata  (according  to  Rathke),  they  are 
fused  into  a  single  mass  placed  in  the  anterior  part  of  the 
abdomen,  presenting  only  traces  of  a  division  into  five  por- 
tions. In  the  Cymothoadoe  and  terrestrial  Jsopoday  again,  the 
abdominal  ganglia  appear  to  have  completely  coalesced  with 
tho  last  thoracic  ganglia  and  form  a  mass,  whence  the  ab- 
dominal nerves  radiate.  Finally,  in  the  short-bodied  Lasmo- 
dipodit^  suoh  as  Cyamus^  there  are  not  more  than  eight  pairs 
of  nost-cosophageal  ganglia,  the  posterior  commissures  of 
whioh  are  so  shortened  that  the  nervous  system  ends  in  the 
antoponultimate  somite. 

lirandt  describes  splanchnic  ganglia  like  the  lateral  pair  of 
Insects  in  the  OniscidcB,     It  is  one  of  the  many  respects  in 
'   which  the  Isopoda  simulate  Insecta, 

No  other  organs  of  sense  than  eyes  have,  as  yet,  been  cer- 
tainly demonstrated  to  exist  in  the  Edriophthalmia^  though 
the  fine  setae  which  beset  the  antennary  appendag'es  have 
been  supposed  to  be  organs  of  the  olfactory  sense.  The  eyes 
vary  in  their  structure,  from  the  simple,  more  or  less  closely 
aggregated  ocelli  of  LcBmodipoda^  and  of  many  Jsopoda  and 
Amphipoda,  to  the  strictly  compound  eyes,  as  complex  as 
those  of  the  highest  Articulaia,  which  exist  in  ^ga  and  in 
Phroaina, 

The  female  genitalia  of  the  Edriophthalmia  consist  of  two 
simple  sacs,  the  ducts  of  which  usually  open  on  the  ventral 
surface  of  the  antepenultimate  thoracic  somite,  or  on  the  bases 
of  the  limbs  of  this  somite.  In  the  male,  one  or  more  caeca 
on  each  side  constitute  the  testis,  which  ordinarily  opens  on 
the  last  thoracic  or  first  abdominal  somite,  in  connection  with 
one  or  two  pairs  of  copulatory  organs  developed  from  the  an- 
terior abdominal  somites. 

> "  Uistoire  Naturelle  des  Crostao^s,"  vol.  ui.,  p.  187. 
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The  eggs  of  the  ordinary  JEdriophthalmia  usually  undergo 
their  deyelopment  in  the  chamber  beneath  the  thorax  inclosed 
by  the  oostegites  of  the  thoracic  appendages.  In  most  cases, 
the  young  di£Per  so  little  from  the  adults  that  no  metamorpho- 
sis can  be  said  to  take  place.  They  frequently,  however, 
want  the  last  thoracic  somite.  The  young  of  the  parasitic 
Edriophthalmia^  such  as  Bopyrus^  Phrt/xuSy  Cymothoa^  Cy- 
amuSj  and  the  HyperincB^  on  the  other  hand,  are  widely  dif- 
ferent from  the  adults ;  and  not  only  in  their  metamorphosis, 
but  in  the  small  proportional  size  and  less  aberrant  form  of 
the  male,  £opyru8  and  Fhryxua  recall  the  parasitic  Cope- 
poda. 

In  certain  Amphipods  (Gammarus  locusta  and  Desmo- 
philus)  the  vitellus  undergoes  complete  division ;  while,  in 
closely  allied  forms  {Gammarus  fluviatilis  and  pulex)^  and 
still  more  completely  in  those  Isopoda  which  have  been 
studied,  the  part  of  the  vitellus  which  divides  into  blasto- 
meres  becomes  more  or  less  completely  separated  from  the 
rest  immediately  after  fecundation,  and  the  so-called  partial 
yelk  division,  take  place/ 

In  all  Edriophthalmia^  the  development  of  which  has 
been  examined,  before  any  other  organs  appear,  a  cuticular 
investment  or  sac  is  formed,  which  is  eventually  burst  and 
thrown  off.  This  appears  to  represent  the  Nauplius  cuticle 
of  MysiSy  and,  in  close  relation  with  it,  are  peculiar  tergal 
structures,  such  as  the  bifid  lamellae  of  AselluSy  and  the  un- 
fortunately named  "  micropyle  apparatus  "  of  other  .Edrioph- 

thcUmia, 

The  Edriophthalmia  are  not  abundant  in  the  fossil  state  ; 
but  they  may  be  traced  back  as  far  as  the  later  PalsBOZoio 
strata  (JPtosoponiscus^  AmphipeUis). 

The  Stomatopoda. — Of  the  Stomatopoda  of  Milne-Ed- 
wards, two  of  the  three  divisions,  the  Carido'ides  and  the 
BicuirasaiSy  have  since  found  a  place  amouj^  the  Schizopod- 
ous  Podophthalmia^  or  among  the  larvae  of  certain  Macru- 
ra;  but  the  third,  the  Stomatopodes  unicutrasais^  compris- 
ing Squilla,  GonodactyluSy  and  Coronia^  appear  to  me  to  differ 
so  widely  and  in  such  important  structural  peculiarities,  not 
only  from  the  PodapfUhalmia  proper,  but  from  all  other 
Cruataceay  as  to  require  arrangement  in  a  separate  group, 
for  which  the  title  of  Stomatopoda  may  well  be  retained. 

>  E.  van  Beneden,  "  Beoherohes  but  la  Composition  et  la  Signifloation  de 
rOEuf,"  1870. 
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Tho  i^rincm  nnmed,  in  fai^t,  stand  alone  amon;^  the  Cnt»- 

Utcta'  in   l.hiit  the  ophthalmic  and  antennudary  Bomites  are 

mplote  rings,  movable  upon  one  another  mud   the 


Fni.  ti.SiTUUraieabHea»da—A,  Dio  ctilirc  bod;,  nlth  Ibe  Ibnni  and  ibdomen  In 
tainmudlnal  ftoil  vcrllul  (ectiDn.  B.  the  hud  In  'erllcal  iccilon.  I-XS,  hhdIUib 
orwhicli  (lie  liod)'  liflompued.  I'-SX'.  Ihelr  appcudaeei.  tbe  huciinf  molt  of 
which  irtklone  rcprsisnied.  AL.  mlimeat^rj  cmat^;  O.  ([omaclK  An.tnat;  C, 
hMCt;  At.  hnncbl*.  JV,  nn^lU  ind  tbilr  commiarares,  A,  rusirnre  of  the  can- 
pace ;  B,  UMpenlt.  Fn,  ODdopbngnul  iriih.  Ths  flnb  tbotacic  appeodage  Xl'  la 
Bpired  iDparatiili. 

nary  somite,  and  that  their  long  axis  is  parallel  with  that  of 
the  body,  so  that  there  is  no  sterual  flexure.  Numerous  pairs 
of  hepatic  cteca  open  into  the  elongated  alimentary  canaL 
The  heart,  again,  is  not  short  and  broad,  with  at  most  three 
pairs  of  apertures,  and  confined  to  the  thoracic  region,  as  in 
the  proper  Podopkthaltnia  ;  but  it  is  greatly  elongated,  mul- 
tilocular,  and  extends  into  the  abdomen.  The  branchiee  u« 
plumes  attached  to  the  abdominal  members  (Fig.  83,  A,  br), 
and,  so  far  as  I  bare  been  able  to  ascertain,  the  carapace  is, 
in  all,  connected  exclusively  with  the  cephalic  somites.     This 
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is  particularly  well  seen  to  be  the  case  in  SquiUa  scahricauda 
(Fig.  83),  where  five  completely  developed  posterior  thoracic 
terga  can  be  counted,  uncovered  by  the  short  carapace,  be- 
neath which  the  terga  of  the  three  anterior  thoracic  somites 
are  represented  by  a  membrane  which  passes  forward  to  be 
reflected  into  the  carapace. 

The  free  somites  of  the  thorax,  and  those  of  the  abdomen, 
in  this  species  and  in  the  Stomatopoda  generally,  are  so  large 
relatively  to  the  carapace,  that  the  latter  is  not  larger  in  pro- 
portion to  the  body  than  the  tergal  covering  of  the  head  in 
many  JEkiriophthcUmiaj  with  which  order  the  Stomatopoda 
present  many  marked  affinities.  Indeed,  if  we  leave  the  eyes 
out  of  consideration,  the  organization  of  the  Stomatopoda  is 
more  Edriophthalmian  (and  especially  Amphipodan)  than 
Podophthalmian.  The  five  anterior  pairs  of  thoracic  members 
are  turned  forward,  and  are  subchelate.  The  first  pair  are 
small  and  slender.  The  second  pair  are  the  largest  of  all, 
and  have  the  characters  of  powerful  prehensile  limbs,  the  ter- 
minal curved  and  spinose  joint  of  which  shuts  down  into  a 
groove  in  the  penultimate  joint,  as  the  blade  of  a  pocket-knife 
does  into  its  handle.  The  three  posterior  thoracic  limbs,  on 
the  other  hand,  are  turned  outward,  and  terminated  by  an 
endopodite  and  an  exopodite. 

SquiUa  lays  its  eggs  in  burrows  in  the  bottom  of  the  sea, 
which  the  animals  inhabit.  The  earliest  condition  of  the  free 
larva  is  not  fully  known,  but  the  young  larvae  have  a  single 
eye,  and  the  hinder  thoracic  and  the  abdominal  appendages 
are  not  developed.'  The  larvae  pass  into  forms  which,  under 
the  names  of  Alima^  Erichthys^  and  SquiUertchthys^  were 
formerly  considered  to  be  independent  genera.  Claus's  inves- 
tigations, however,  have  rendered  it  probable  that  the  two 
latter  genera  are  simply  larval  stages  of  QonodactyluSj  and 
that  Alima  is  a  larval  stage  of  SquiUa. 

1  Fritz  Holler,  *^  FOr  Darwin."    Ses  also  ClauB,  **  Die  MetamoiphoBe  der 
SquilUden,"  1872. 


CHAPTER  Vn. 

THE  AIB-BREATHINO  ARTHROPODA. 

Amono  these  Arthropoda^  no  forms  absolutely  devoid  of 
limbs  are  at  present  known,  though  the  appendages  are  re- 
duced to  two  pairs  of  minute  hooks  in  the  vermiform  parasite 
XdnffticUtUa. 

The  Arachnida  have  pediform  gnathites,  and  the  least 
modified  forms  of  this  group  (the  Arthrogdstra  or  Scorpions 
and  Pseudo-scorpions)  exhibit,  in  many  respects,  extraordi- 
narily close  resemblances  to  the  Merostomata  among  the 
Crustacea, 

The  Arthrogastra. — The  anterior  part  of  the  body  of 
a  Scorpion  (Fig.  84)  presents  a  broad,  shield-like  tergal  plate, 
resembling  that  of  Eurypterus  in  form.  Two  large  eyes  are 
situated  one  on  each  side  of  the  middle  line  of  the  shield, 
while  smaller  eyes,  which  vary  in  number  according  to  the 
species,  are  ranged  along  its  antero-lateral  margins. 

Six  wide  plates,  representing  the  terga  of  as  many  so- 
mites, follow  the  anterior  shield,  and  are  connected  only  by 
the  soft  integument  of  the  sides  of  the  body  with  their 
sterna.  The  seventh  is  united  with  its  sternum  (xv)  poste- 
riorly, while  the  five  following  terga  and  sterna  form  contin- 
uous rings,  which  constitute  the  joints  of  the  so-called  "  tail." 
The  anus  is  situated  behind  the  last  sternum.  A  movable 
terminal  piece,  answering  to  the  telson  of  a  Crustacean,  which 
is  swollen  at  its  base,  and  then  rapidly  narrows  to  a  curved 
and  pointed  free  end,  overhangs  the  anus,  and  constitutes  the 
characteristic  weapon  of  offense  of  the  Scorpion.  This  sting, 
in  fact,  contains  two  glands  which  secrete  a  poisonous  fluid, 
and  their  ducts  convey  it  to  the  minute  aperture  situated  at 
the  sharp  point  of  the  organ.  On  the  sternal  surface  of 
the  body  there  are  four  wide  and  long  sternal  plates  (xi-xrv), 
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wbicli  correspond  with  the  third,  fourth,  fifth,  and  sixth,  of 
the  free  terf^     Each  of  these  bears  &  pair  d  oblique  sUts, 
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which  are  the  openings  of  the  respiratory  organs  (Fig.  85,  e). 
The  etema  of  the  first  and  second  free  somites  (ix,  x)  are  very 
small ;  that  of  the  first  carries  the  valves  which  cover  the 
genital  aperture;  that  of  the  second  bears  a  pair  of  very 
carious  appendages,  somewhat  like  combs,  which  are  termed 
the  pectines.  The  nervous  trucks  which  enter  the  pectines 
are  distributed  to  the  numerous  papillce  which  cover  them, 
and  are  probably  tactile  in  function.  Thus  there  are  twelve 
somites  behind  the  eye-bearing  shield,  and  none  of  these  are 
provided  with  appendages,  unless  the  pectines  be  such. 

The  truncated  anterior  extremity  of  the  body,  beneath  tlie 

■  "  Eigne  Aainal,"  lUMtnrted  EdituxL 
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sbield,  is  tonned  by  a  very  large  setose  labrum,  behiod 
below  which,  in  ihe  middle  line,  is  the  extraordinarily 
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aperture  of  the  mouth  (Fig.  86,  M).  On  each  side  of  it  is 
attached  a  three-jointed,  pincer-ended,  appendage,  the  che- 
licera.  Behind  these  follow  the  pedipalpi,  large  chelate  limbs, 
the  stout  basal  joints  (tv')  of  which  lie  on  each  side  of  the 
mouth. 

The  following  four  pairs  of  appendages  are  seven- join  ted 
ambulatory  limbs,  each  terminated  by  three  claws.    The  ba- 


sal  joints  of  the  first  two  (y',  n')  He  behind  the  mouth,  the 
posterior  and  inferior  boundary  of  which  they  form,  and  are 
directed  forward.  The  basal  joints  of  the  last  two  {Tii',Tiir'), 
OQ  the  other  band,  directed  inward,  are  firmly  united  together, 
and  are  altogether  excluded  from  the  mouth. 

Thus  the  mouth  is  situated  between  the  labrum  in  front, 
the  bases  of  the  pedipalpi  and  those  of  the  first  two  pairs  of 
ambulatory  limbs,  at  the  sides  and  behind;  just  as,  in  Limvlua^ 
the  mouth  lies  between  the  labrum  and  the  basal  joints  of  the 
third,  fourth,  and  fifth  limbs,  which  answer  to  the  mandibles 
and  first  and  second  mazillEe  of  the  higher  Crustacea.  If  this 
comparison  is  just,  there  is  one  pair  of  pne-oral  appendages, 
which  exist  in  Limulvs,  wanting  in  the  Scorpion ;  and  the 
difference  between  tlie  two  may  be  represented  thus: 

Limulut,  ADtennnle.  Antenna.  Mandible.  Uaxills  1.  UaxiUa  3. 


Scorpio. 


PedipalpoB.    Leg  1.       Leg  2. 
e-bearing  part  of  the  head  may  be  regarded 


Again,  if  the  ^  ,  ,  „ 

as  a  somite,  then  the  body  of  the  Scorpion,  like  that  of  a  mala- 
costracous  crustacean,  will  consist  of  twenty  somites  and  a 
telson.  We  may  regard  the  six  posterior  somites  (xt-xx)  as 
the  homologuea  of  those  which  constitute  the  abdomen  in  the 
crustacean ;   while  the  eight  middle   somites    (vn-xiv)  will 
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answer  to  those  which  enter  into  the  thorax  of  the  latter ; 
and  the  head  will  resemble  that  of  an  Edriophtbalmian  with 
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one  pair  of  antennary  organs  completely  sappressed.     Upon 
this  view,  the  eye-bearing  shield  is  a  carapace  ooyeriii^  a 
cephalo-tborax,  into  which  the  two  anterior  thoracic  scxnites 
only  enter.    These  are  followed  by  six  free  thoracic  somites, 
the  four  posterior  of  which  are  pulmoniferous.     Bat  no  trace 
of  the  supposed  missing  antennary  appendage  has  been  met 
with  in  the  embryonic  condition,  so  that  the  altematiye  pos- 
sibility that  the  mouth  is  situated  one  somite  farther  forward 
in  the  Scorpion  than  in  the  Crustacean  must  be  borne  in  mind. 
It  is  a  very  interesting  fact  that  Metschnikoff  *  has  found  m- 
diments  of  limbs  on  those  somites  of  the  embryo  Scorpion  on 
which  the  stigmata  are  situated — a  circumstance  which  sug- 
gests the  suspicion  that  the  Scorpion  is  derived  from  some 
form  possessing  more  numerous  limbs. 

The  minute  oral  aperture  leads  into  a  small  pyriform  lat- 
erally-compressed sac  (Fig.  86,  a)  with  chitinous  elastic  walls. 
Muscles  pass  from  these  to  apodemes  of  the  sternal  wall  of 
the  head,  and  doubtless  act  as  divaricators  of  the  wall  of  the 
sac.  As  the  Scorpion  sucks  out  the  juices  of  its  prey,  it  is 
probable  that  the  elastic  sac  acts  as  a  kind  of  buccal  pump — 
the  nutritious  fluid  rushing  in  when  the  sides  of  the  pump  are 
separated,  and  being  squeezed  into  the  oesophagus  when  the 
elasticity  of  the  walls  brings  them  back  to  their  first  position.' 

The  oesophagus  (Fig.  86,  b)  is  an  exceedingly  narrow  tube, 
which  springs  from  the  tergal  and  posterior  aspect  of  the  sac 
just  mentioned,  traverses  the  nervous  ring,  and  then,  passing 
obliquely  upward  and  backward,  enlarges  into  a  dilatation 
which  receives  the  secretion  of  two  large  salivary  glands,  by 
a  wide  duct  on  each  side.  The  alimentary  canal  narrows 
again,  and,  becoming  a  delicate  cylindrical  tube  which  widens 
posteriorly,  passes  straight  through  the  body  to  the  anus. 
The  numerous  ducts  of  the  liver  open  into  the  anterior  part 
of  this  region  of  the  alimentary  canal,  and  it  receives  two 
delicate  Malpighian  tubuli. 

The  liver  is  a  vast  follicular  gland,  which  occupies  all  the 
intervals  left  between  the  other  organs  in  the  enlarged  part 
of  the  body,  and  even  extends  for  some  distance  into  the  nar- 
row posterior  somites. 

The  eight-chambered  heart  (Fig.  86,  JST)  is  a  larger  and 
more  conspicuous  structure  than  the  alimentary  canal,  above 
which  it  lies,  in  a  pericardial  sinus  situated  in  the  middle 

>  "  Embryologie  des  Scorpions."    (ZeiUehrift  fur  torn.  Zoologie^  ISTl.'i 
*  Huzlev,  **  On  the  Mouth  of  the  Scorpion.''    ( Quarterly  Journal  qf  HicrQ- 
tcqpiad  Scukc^  1860.) 
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line  of  the  tergal  aspect,  between  the  eye-bearing  shield  and 
the  tail ;  each  chamber  is  wider  behind  and  narrower  in  front, 
and  has  two  valvular  apertures,  by  which  blood  is  admitted 
from  the  pericardial  sinus  at  its  postero-lateral  angles.  It 
gives  off  small  lateral  arteries,  and  ends  in  front  and  behind 
in  a  wide  aortic  trunk.  Of  these  the  anterior  is  larger  than 
the  oesophagus,  and  both  aortie  give  off  branches  wnioh  are 
distributed  widely  through  the  body.  A  large  trunk  lies  on 
the  tergal  aspect  of  the  ganglionic  chain,  and  is  united  with 
the  anterior  dorsal  aorta,  by  a  lateral  aortic  arch,  on  each  side 
of  the  body.  The  veins,  on  the  other  band,  are  irregular  pas- 
sages, the  blood  of  which  is  carried  to  two  afferent  putmonaty 
Minutes,  one  for  each  set  of  respiratory  organs. 

These  respiratory  organs  are  four  pairs  of  flattened  sacs, 
which  open  externally  by  as  many  stigmata,  on  the  sterna  of 
the  four  posterior  free  thoracic  somites  (Fig.  85,  xi-xir)  in 
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front  of  the  tail.  Each  lies  with  one  flat  side  sternal  and  the 
other  tergal,  in  front  of  its  stigma,  and  its  walls  are  so  folded 
as  to  divide  its  cavity  into  a  multitude  of  subdivisions,  each 
of  which  opens  into  the  common  chamber  which  communi- 
cates  with  the  exterior  by  the  stigma  (Fig.  87).  The  organ, 
in  fact,  somewhat  resembles  a  porte-monnaie  with  many  pock- 
ets. The  blood  circulates  in  the  folds,  and,  after  being  thus 
exposed  to  the  influence  of  the  air,  is  carried  by  efferent  puU 
monary  ainuees  to  the  pericardial  sinus.  Expiration  is  effect- 
ed by  muscles  which  pass  vertically  between  the  sterna  and 
terga  of  the  free  somites. 

The  bilobed  cerebral  ganglion  supplies  nerves  to  the  eyes 
and  chelicene,  and  is  connected  by  thick  commissures  with 
the  post-cesophageal  ganglion,  a  large  oval  mass,  whence 
branches  are  given  to  the  maxilla  and  following  somites.  A 
long  oord  formed  by  two  closely-applied  oommissnrw  passM 
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1 1.-    ;^t«Kiii^  placed  in  the  twelfth  to  the  fourteenth 
1^  iv**:  •itv!  four  ganglia  in  the  abdomen^  two  dis- 

^^    »,i.»jiijC  fn^m  the  last  to  its  extremity.     The  tis- 
.  1  w  w.*  V  ^t**n^  is  represented  by  an  oesophageal  g^n- 
.vviwu^  rwts  from  the  cerebral  ganglion,  and  giving 
■ » ..  u»  I  111*  alimentary  canal/ 
"\«v'   -iU'inl  ovarian  tubes,  connected  by  transverse  anasto- 
.  Willi  a  nunlian  tube,  end  in  two  oviducts,  which  open 
,^    4  I'lLuUiriii  vagina  on  the  first  free  sternum  (ix).     The  tu- 
.. ;  it  u«U\s  ond  in  a  pair  of  deferent  ducts,  on  which,  before 
iiv  I    uuioti  at  the  common  orifice,  two  long  and  two  short 
,  .1 . ,»  -lie  iounJ,  the  former  playing  the  part  of  vesiculse  semi- 
ii.iVv*.     lioth  male  and  female  organs  lie  imbedded  in  the 
111' (Ml  io  mass  in  the  posterior  thoracic  region,  their  ducts  pass- 
ing forward.     Partial  yelk-division  takes  place,  and  the  ova 
uikJrrgo  development  within  the  ovarian  canals,  in  a  manner 
whuli  is  very  similar  to  that  of  AstactiS.     Thus  there  is  no 
iiKUiiLiorphosis,  and  the  young  differ  but  little  from  the  adult 
Mi  :i\\\  i-ospect  but  size. 

The  Pseudo-scorpions  ( (Vtcif/er,  Obisium)  resemble  the 
Si'orpions  in  form  and  in  the  nature  of  their  appendages,  but 
t  In* V  have  no  aculeate  telson  nor  poison-gland.  They  possess 
>llk-glands,  which  open  close  to  the  genital  aperture,  and  their 
t\vi»  pairs  of  stigmata  are  connected,  not  with  pulmonary  sacs, 
but  with  tracheal  tubes.  According  to  Metschnikoff,  the  eggs 
undorgo  complete  yelk-division,  and  the  young  leave  the  efi^g 
iirovided  only  with  that  pair  of  appendages,  which  become  the 
|K'ili(>alpi. 

In  the  number  of  the  appendages,  and  in  the  segmenta- 
liou  i>f  the  abdomen,  Galcodcs  (or  Solpuga)  agrees  with  the 
SiH»rpions  and  Pseudo-scorpions.  But  the  three  somites  which 
\\s}i\\  the  three  hinder  pairs  of  ambulatory  limbs  (vi,  vn,  vni, 
ui  iht*  Scorpion)  retain  their  distinctness,  and  there  is  no 
x^'|ihuli>-thorax,  in  the  proper  sense  of  the  word.  In  form  and 
luiu'li**"  <he  pedipalps  resemble  the  first  pair  of  ambulatory 
limbt,  while  the  chelicene  are  subchelate.  The  organs  of  res- 
pi  i.ktioii  are  tracheal. 

Tho  i  Vidian  (/idee  {Phalangium^  Gonyleptu^)  have  chelate 
^  hi'ltriM'UN  but  the  pedipalps  are  filiform  or  limb-like,  and  the 
4itii<ulati'd  abdomen  is  relatively  short  and  broad.  They  have 
iK>  <ii Ik' glands,  and  their  respiratory  organs  arc  tracheal. 

>  \uw(»ort,  "  On  the  Structure,  etc.,  of  the  Nervous  and  Circulatory  Systems 
,u  ^^kUpoiU  and  Macrurous  Arachnida.'*    (*^  Philosophical  Tranfiactions,*' 
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While  the  last-mentioned  forms  lead  from  the  Artkrogcutra 
to  the  Acarina^  the  pulmonate  PhrynidoB^  or  Scorpion-spiders 
(ThdyphonuSy  Phrynus)^  are  in  many  resects  intennediate 
between  the  Arthrogastra  and  the  Araneina, 


^JttSfk 


Fio.  88.~Jry^«  eanMniaHa.—A,  female  of  the  natural  slse:  At^  cheUcene;  1T^ 
pedlpalpi ;  v',  yi^.  maxillary  feot;  vn^  yiuf^  thoracic  feet ;  Oth^  cephalo-thonx. 
B.  the  last  lolnt  or  the  pedlpalpas  of  the  male  much  magnified.  C,  terminal  joint 
of  the  chelicera  At^  with  the  poieon-gland.  D,  the  left  pnlmonary  aac  riewed  firom 
itB  dor«al  aspect:  Stg.  sti^rma;  Pm.  pulmonary  lamelw.  E^  the  two  arachnidlal 
mammillsB  of  the  left  sldft— the  smaller  8p  1  is  situated  on  the  hase  of  the  large  one, 
8p  2.    (After  Dogds,  "  Rdgne  Animal/*) 


The  Abaneina. — The  Spiders  stand  in  somewhat  the  same 
relation  to  the  Scorpions  as  the  brachjurous  to  the  macrurous 
Crustacea.  That  part  of  the  bodj  which  lies  behind  the 
cephalo-thorax  and  answers  to  the  free  somites  of  the  body 
of  Scorpio  is  swollen,  and  presents  no  distinct  division  into 
somites. 

The  chelicerse  are  subchelate,  that  is  to  saj,  the  distal 
joint  is  folded  down  upon  the  next,  like  the  blade  of  a  pocket- 
knife  upon  the  handle.  The  duct  of  a  poison-gland,  lodged  in 
the  cephalo-thorax,  opens  at  the  summit  of  the  terminal  joint. 
The  pedipalpi  are  filiform,  and,  in  the  males,  their  extremities 
are  converted  into  singular  spring  boxes,  in  which  the  sper- 
matophores  are  received  from  the  genital  apertures  and  con- 
veyed to  the  females  (Fig.  88,  B). 

The  pulmonary  sacs,  two  or  four  in  number,  are  similar  to 
those  organs  in  Scorpio^  and  are  placed  in  the  anterior  part 
of  the  abdomen  ;  a  tracheal  system  is  also  present,  a  pair  of 
sternal  stigmata,  situated  either  behind  the  pulmonary  sacs, 
or  at  the  end  of  the  abdomen,  leading  into  two  more  or  less 
branched  tubes.    There  is  a  complex  pharyngeal  apparatus, 
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probably  hiring'  tbe  utne  fuDCtion  aa  in  Scorpio.^  Hm 
stomach  gives  off  ctectil  prolongBtiona  which  may  extend  &r 
into  the  hmba.  There  is  usually  a  dilated  short  rectum,  into 
which  the  branched  Malpigbiaa  duots  open.  The  nerrons 
system,  more  concentrated  than  that  of  the  Art/troffoslra,  is 
reduced  to  a  supra-cesophageal  ganglion  and  a  single  poirt- 
oeaophsgeal  mass,  with  four  indentations  on  either  side,  lliere 
are  six  or  eight  simple  eyes  in  the  anterior  part  of  the  can- 
pace.  Auditory  organa  have  not  been  discovered  in  these  or 
aay  other  Aracknida. 

One  of  the  most  characteristic  ornns  of  the  Araneina  is 
the  arachnidium,  or  apparatus  by  which  the  fine  silky  threads 
which  constitute  the  web  are  produced.  H,  Meckel,*  who 
has  fully  described  this  apparatus  as  it  occurs  in  Epeira  dia- 
dema,  states  that,  in  the  adult,  more  than  a  thousand  glands, 


with  separate  excretory  ducts,  secrete  the  viscid  material, 
which,  when  exposed  to  the  air,  hardens  into  silk,     Thoa& 

1  iTorot'g  "  Anstomie  de  diffirenlfla  Esp*«B  d'InBectea  "  ("  M^m.  du  Mo- 
timo  d'Hiitoira  Nnturellc,"  1829)  conUuna  an  elabonto  BCConnt  of  thia  appft- 
ntu*.  u  well  u  of  tbe  atmctnre  of  the  pedipalps  of  the  male  ipidcn. 

•  >>  Uikrofmphie  elQi«ar  DrQusnapparaM  der  oiedeTsn  Tbiere."  (Mullet's 
>iAt^*,"  IB*^-)    A*  <l*o  Boohholi  ud  Ludc^    (/M.,  1B68.) 
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glands  are  divisible  into  five  different  kinds  (aciniform,  am- 
puUate,  aggregate,  tubuliform,  and  tuberous),  and  their  ducts 
ultimately  enter  the  six  prominent  arachnidial  mammilloBj 
which,  in  this  species,  project  from  the  hinder  end  of  the 
abdomen.  The  superior  and  inferior  mammiUse  are  three- 
jointed,  the  middle  one  is  tv<ro-jointed«  Their  terminal  faces 
are  truncated,  forming  an  area  beset  with  the  minute  arach- 
nidial papillcB  by  which  the  secretion  of  the  glands  is  poured 
out. 

The  males  are  smaller  than  the  females,  and  their  ap- 
proaches to  the  latter  are  made  with  extreme  caution,  as 
thej  run  the  risk  of  being  devoured  ;  extending  their  pedi- 
palps,  they  deposit  the  spermatophores  in  the  female  genital 
aperture,  and  betake  themselves  to  flight. 

The  Ara7ieina  are  oviparous,  but  the  development  of  the 
embryo  takes  place  as  in  the  Arthrogastra^  and  there  is  no 
metamorphosis.* 

The  Acarina. — In  the  Mites  and  Ticks,  the  hinder  so- 
mites are,  as  in  the  Spiders,  distinctly  separated  from  one  an- 
other, but  they  are  not  separated  by  any  constriction  from 
the  anterior  somites. 

The  bases  of  the  chelicewe,  and  of  the  pedipalpi,  coalesce 
with  the  labrum,  and  give  rise  to  a  suctorial  rostrum  (Fig. 
90). 

There  are  usually  several  gastric  caeca,  but  no  distinct 
liver.  SalivaiT  glands  occur  in  some,  and  Malpighian  caeca 
are  occasionally  found.  No  heart  has  yet  been  discovered. 
Special  respiratory  organs  are  sometimes  wanting  (e.  g.,  Sar- 
copies) ;  when  present,  they  are  tracheal  tubes,  springing 
brush-wise  from  a  common  trunk  which  opens  by  a  stigma. 
Tlie  stigmata  are  usually  two,  sometimes  anterior  and  some- 
times posterior  in  position.  The  ganglia  of  the  nervous  sys- 
tem are  concentrated  round  the  gullet,  as  in  the  Spiders;  and 
the  reproductive  aperture  is  situated  far  forward,  sometimes 
close  to  the  rostrum. 

The  greater  number  of  the  Acarina  are  parasites  upon 
other  animals  or  upon  plants. 

Most  are  oviparous,  but  the  OribatidcB  are  viviparous. 
The  course  of  the  development  of  the  embryo  is  the  same  as 
in  the  Spiders.     The  young,  when  bom,  are  frequently  pro- 

>  Clspsr^de,  "  Rechcrcbes  sot  I'Evolution  des  Ar»ign<«8,»'  1862.     AUo 
Balbiuii, ''  Ann.  des  So.  Nat.,*'  1878. 
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Tided  «r{th 
pair 


I  otAj  thzM  pain  of  ambulatory  limba,  die  taurik 
ig  Its  appearance  only  after  eodyaia  has  ooomred. 


ho.  to.— IwdM  rfetow,  ftoula  {■ttcr  PRjteDsteehiri),— a,maDdlbiil>r  hooUeta;  L 
A  I,  (bnith,  tblrd,  tri  •aaiDdlnlnU  oT  ttas  palp  ;  o,  hooklau  of  iMnial  laitktt  at 
pnaoaci*  i  /,  baaa  of  tlka  proboadi ;  g,  itlgioi ;  A,  geollal  apBitara  ;  t,  anal 


In  Bome  Acarina,  a  singular  kind  of  metamorphosis 
occurs. 

Thus,  in  Atax  Bonzi,  Clapsrdde  *  observed  that,  before 
the  limbs  appear  on  the  blaatodern),  a  chitinous  cuticula  is 
separated  and  forms  an  envelope,  which  he  terms  the  "sao 
of  the  deutovum."  The  proper  vitelline  mernbrane  bursts 
into  two  halves,  much  as  in  Limulu»,  and  the  deutovum 
emerges.  In  the  mean  while,  the  anterior  end  of  the  blasto- 
derm  becomes  fashioned  into  two  prooephalio  lobes;  while 
five  pairs  of  tubercles,  answering  to  the  rudiments  of  the 
ohelioene,  pedipalpi,  the  two  posterior  goathites,  and  one 

i^tiuAr^ftr  wuf.  Zooleeit,  1B8S.) 
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pair  of  thoracic  limbs  of  the  Spiders,  make  their  appearance 
beneath  the  sac  of  the  deutovum.  The  rudiments  of  the 
chelicerae  and  pedipalpi  apply  themselves  together,  and  coa- 
lesce into  a  proboscis.  Thus  the  first  larval  form  is  com- 
pleted. It  tears  the  pseudoval  sac,  emerges,  and  buries 
itself  in  the  branchiae  of  the  fresh-water  mussel  (  UnioY  upon 
which  it  is  parasitic.  The  cuticular  investment  of  tne  first 
larva  now  becomes  distended  by  absorption  of  water,  and 
forms  a  globular  case,  the  limbs  being  drawn  out  of  their 
sheaths.  The  second  larval  stage  completes  itself  within  the 
sac  formed  by  this  singular  ecdysis.  The  two  palpi  are  de- 
veloped from  the  pedipalpal  portion  of  the  proboscis;  two 
horny  hooks  from  the  cheliceral  portion  ;  and,  finally,  the 
hinder  pair  of  thoracic  limbs  is  added.  This  second  larva 
gradually  passes  into  the  adult  Atax, 

In  the  Acarus  {Myohia  coarctata)  of  the  Mouse,  Clapar^de 
observed  that  the  deutovum  stage  is  followed  by  a  tritovum ; 
the  chitinous  sac,  which  invests  the  embryo  within  the  deuto- 
vum, apparently  representing  the  cuticle  of  the  first  larva  of 
Atax,  In  this  case,  it  presents  a  parallel  to  the  NaupUua 
cuticle  of  Mysis, 

The  Arthrogastra^  the  Araneina,  and  the  Acarina  (with 
some  doubtful  exceptions  among  the  latter),  possess  the  same 
number  of  appendages,  and  do  not  differ  from  one  another  so 
much  as  do  the  different  forms  of  the  Copepoda^  amon^  the 
Crustacea.  But  the  remaining  groups,  which  are  usually  in- 
cluded among  the  Arachnida,  namely,  the  Pycnogonida^  the 
Arctisca,  and  the  Pentastomida,  diverge  widely  from  the  Ar* 
throgastra  and  the  Araneina,  though  each  exhibits  certain 
approximations  to  the  Acarina. 

The  Pycnogontda. — ^These  are  marine  animals,  with  short 
bodies  terminated  in  front  by  a  rostrum  like  that  of  the  Mites, 
but  with  a  mere  tubercle  in  place  of  the  posterior  thoracic  and 
abdominal  somites.  The  adult  has  four  pairs  of  enormously- 
elongated,  many-jointed,  ambulatory  limbs,  in  front  of  which 
are  three  pairs  of  short  appendages,  the  anterior  of  which  may 
be  chelate,  while  the  posterior  are  more  or  less  rudimentary 
(Fig.  91). 

The  alimentary  canal  sends  off  very  long  caeca  into  the 
legs.  There  is  a  short  heart,  but  no  distinct  respiratory  or- 
gans exist.  A  cerebral,  nervous  mass  is  connected  with  a 
ventral  chain  of  four  or  five  pairs  of  ganglia.  Four  eyes  are 
seated  upon  a  dorsal  tubercle  above  the  brain.    The  sexes  are 
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&  lodged  in  the  legs  and 


frssn-.i 


The  embryo  emerges  from  the  egg  as  a  Jan-a  provided  wilh 
a  rostrum,  and  with  three  pairs  of  appendages,  which  repre- 
eent  the  short,  anterior  three  pairs  in  the  adult.'  The  four 
pairs  of  great  limbs  of  the  adult  are  produced  by  outgrawtha 
from  a  subsequent  posterior  elongation  of  the  body. 

The  comparison  of  the  embryos  of  the  Pycnogottida  with 
those  of  the  Acarina,  especially  such  as  leave  the  egg  with 
three  pairs  of  appendages,  appears  to  me  to  leave  little  doubt 
that  the  rostrum  of  the  larva  Pycnognnvm  is  formed,  as  in 
the  Mites,  by  the  coalesced  representatives  of  the  chelicene 
and  pedipalpi.  If  so,  the  seven  other  pairs  of  limbs  are,  by 
three  pairs,  in  excess  of  the  number  found  in  any  Arachnidftn. 


.  D"hra 
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On  the  other  hand,  the  hezapod  Urra  of  the  Fjfcnoffonida 
differs  from  the  hexapod  Nituplitia  ot  the  Cruetacea,  ioaBmuch 
as  the  three  pairs  of  appendages  of  a  Ifaupliut  always  repre- 


Fia.  n.— jriuraMo(ut&Auasfl(x  100).— a,  monlb  wltb  ilx  onl  niplll»;  A,  fcalrt, 

calcUcd  MylcU:  b,  lallTmrj  BUndi;  rf,  mnicnUr  pharjr- ■ '  — '-■'- 

Mmliialli;  g.tnOti  I,  a,  3,  J,  limb*.    (Aftar  ans£.i) 


sent  antenaary  and  mandibular  appendages,  and  these,  by  the 
hypothesis,  are  to  he  sought  in  the  rostrum  of  the  Pyenogo- 
nida. 

The  fact  to  which  reference  has  already  been  made,  that 
the  embryo  Scorpion  has  six  pairs  of  rudimentary  appendages, 
attached  to  as  many  of  the  anterior  free  somites,  of  which  one 
pair  only  remain  (as  the  pectines)  in  the  adult,  leads  me  to 
suspect  that  the  Pyonogonida  may  represent  a  much  modified 
in  d«r  BAnhienbeu."   ("ArdiiTfQrnilkr. 
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early  Aimohnidan  form,  from  which  the  Arthrofftuira,  AsNk- 
^maea^  and  Aearidecty  have  branched  o£ 

T  he  Abctisca,  or  Tabdigbada,  are  microscopic  animala, 
found,  in  association  with  JRotifera^  in  moss  and  in  sand,  rare- 
ly in  water,  which  present  many  points  of  resemblance  to  the 
Acarina.    The  body  (Fig.  92)  is  yermiform,  with  four  pairs 
of  tubercles,  represeDtmg  limbs,  terminated  by  two  or  more 
claws.    The  fourth  pair  is  directed  backward  at  the  hinder 
end  of  the  body,  so  that  if  these  appendages  answer  to  the 
hinder  pair  of  limbs  in  the  typical  Araehnidc^  the  hinder  tho- 
racic, and  all  the  abdominal,  somites  are  undeveloped.     The 
mouth  is  situated  at  the  extremity  of  a  rostrum  provided  with 
two  stylets,  which  is  so  like  that  of  the  Acarina^  that  it  may 
probably  be  regarded  as  formed  by  the  coalescence  of  cheli-' 
oeral  and  pedipalpal  tubercles.     There  is  a  muscular  pharynx 
leading  into  a  wide  alimentary  canal,  which  gradually  narrows 
to  the  anus.     No  organs  of  circulation  or  of  respiration  exist. 
The  paired  ventral  ganglia,  which  correspond  in  number  with 
the  appendages,  are  large.     They  are  connected  by  longitu- 
dinal commissures  with  one  another,  and  with  a  prae-oesopha- 
geal  cerebral  mass  which  sometimes  bears  two  eyes.    The 
Arctiaca  are  hermaphrodite,  the  ovarian  sac  and  the  two 
testes  opening  together  into  a  cloacal  dilatation  in  which  the 
intestine  terminates.     The  ova  are  relatively  very  large,  and 
the  cuticle  of  the  parent  is  cast  off  and  incloses  them  when 
they  are  laid,  as  a  sort  of  ephippium.    Complete  yelk-division 
takes  place.     The  young  have  one-third  the  size  of  the  adult 
when  they  are  hatched,  and  they  undergo  no  metamorphosis 
beyond  the  addition,  in  some  cases,  of  one  pair  of  limbs  after 
birth.* 

The  Pentastomida. — A  still  more  aberrant  form  is  the 
parasitic  XdnfftuUtUc^  or  PerUcistomumj  which  is  found  in  a 
sexless  condition  in  the  lungs  and  liver  of  herbivorous  mam- 
mals and  of  reptiles,  and  in  the  sexual  state  in  the  nasal  cav- 
ities and  maxillary  antra  of  Carnivores.  Thus,  as  Leuckart^s 
investigations  have  proved,  Pentastomum  tCBnioideSy  which 
inhabits  the  latter  cavities  in  the  dog  and  the  wolf,  is  the 
sexual  state  of  the  jP.  denticidatum^  which  occurs  in  the  liver 
of  hares  and  rabbits.* 

^  Kanffauinn. '*  Entwickdunff  und  •jBtemtdsolie  SteUang  der  Tardigraden." 
(2W^  tMiff.  Zooloiru,  1851.) 

•  «*  Baa  and  I^itwiokdlimgsgeMhidhta  der  Pentattomen,"  1890. 
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The  Pentcutomida  are  elongated  yermiform  animals,  the 
bodies  of  which  are  divided  by  close-set  transverse  constric- 


=3     • 


Fio.  9i.^Pent(utoinum  UBnitHdet,—A.  Hale.  B.  Female.  C.  Anterior  end  of  the  body : 
a,  anterior  hooka ;  &,  poaterior  hooka  ;  tf,  month ;  e^  mdimentarj  palplform  or- 
gane.    (After  Leackart) 

tions  into  numerous  short  segments.  At  first  sight  they 
appear  to  be  entirely  devoid  of  appendages,  but,  on  careful 
inspection,  four  curved  hooks  are  lound,  two  on  each  side  of 
the  mouth,  which  is  situated  rather  behind  the  anterior  ex« 
tremiiy  of  the  body.     Each  hook  is  solid,  and  its  base  pro* 


Fia.  94.— Embrjo  of  Ptntoitomum  tmnMdts. 

jects  into  the  cavity  of  the  body  and  gives  attachment  to  the 
muscular  bands  by  which  it  is  moved. 

The  mouth  is  surrounded  by  a  ohitinous  ring;  a  narrow 
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oesophagus  leads  from  it  into  a  nearly  oylindrioal,  straiglit) 
alimentary  canal,  which  terminates  in  the  anus,  in  the  middle 
line  of  the  posterior  extremity  of  the  body.  A  mesentery  is 
attached  to  the  whole  length  of  the  alimentary  canal  and 
holds  it  in  place.  A  nervous  ring  surrounds  the  oesophagus^ 
and  posteriorly  presents  a  ganglionic  enlargement  whence 
nerves  are  given  of  to  the  body.  The  muscles  are  striated. 
The  sexes  are  distinct,  and  the  males  are  usually  much 
smaller  than  the  females. 

The  testicle  is  an  elongated  sac  which  lies  on  the  ventral 
aspect  of  the  intestine,  and  is  connected  anteriorly  with  two 
vasa  deferentia.  These  terminate  on  the  fore-part  of  the 
ventral  aspect  of  the  body,  each  having  a  saccular  dilatation 
which  contains  a  very  long,  coiled,  chitinous  penis.  In  the 
female,  the  ovary  is  also  a  large  sac  and  the  oviducts  come 
off  from  its  anterior  end,  but  the  genital  aperture  is  close  to 
the  anus. 

The  ova  undergo  their  development  in  the  ovary.  The 
embryos  are  oval,  but  taper  to  the  posterior  end.  In  the 
middle  line,  in  front,  are  three  sharp  protractile  styles,  of 
which  the  middle  is  the  longest.  Two  pairs  of  articulated 
limbs  are  attached  to  the  middle  of  the  ventral  aspect ;  each 
is  terminated  by  a  double  hooked  claw.  The  embryo  of  JLin- 
guatula  thus  resembles  those  of  the  Acarina,  on  the  one 
hand,  and  those  of  such  parasitic  Crustacea  as  Anchorella^ 
on  the  other. 

In  the  case  of  Pentastomum  tcenioides,  the  embryos,  in- 
closed in  their  vitelline  membranes,  pass  out  of  the  bodies  of 
the  dog  or  wolf,  along  with  the  nasal  mucus.  Taken  into  the 
body  along  with  the  food  of  the  hare  or  rabbit,  they  emerge 
from  the  egg,  penetrate  the  walls  of  the  intestine,  and  lodge 
themselves  in  the  liver.  Here  they  become  encysted,  grow, 
and  go  through  a  series  of  changes  of  form,  accompanied  by 
repeated  ecdyses,  until  they  pass  into  the  state  known  as 
Pentastomum  denticulatum.  If  the  flesh  of  the  rodent  con- 
taining P,  denticulatum  is  devoured  by  a  dog,  the  parasite 
passes  into  the  frontal  sinuses  or  maxillary  antra  of  the 
latter,  gradually  takes  on  the  form  of  P.  tcenioides^  and  ac- 
quires sexual  organs.  The  parasitism  of  the  Pentastomida, 
therefore,  is  very  similar  to  that  of  the  Cestoidea, 

Spiders  and  Mites  abounded  in  the  tertiary  epoch,  as 
their  remains,  preserved  in  amber,  show.  Various  Arthro- 
gastra  occur  in  the  mesozoic  formations,  while  Spiders  and 
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ScoijHOUB  of  large  size  have  been  found  in  ^le  carbooifer- 
ous  rocks. 

Thb  Mtsupoda. — In  these  Arthropods,  the  bod;  is  di- 
vided into  many  segments,  the  most  anterior  of  which  takes 
on  the  characters  of  a  distinct  head  ;  and  almost  all  these 
segments  bear  articulated  limbs  terminated  bv  claws.  In 
the  Centipedes  {Chilc^oda),  the  segments  of  the  body  have 
broad  sterna,  and  the  bases  of  the  limbs  are  far  apart ;  but, 
in  the  Millipedes  (ChilogtuUha),  the  sternal  region  is  nidi- 
mentary,  and  the  bases  of  the  limbs  are  close  together. 


Ph.  S(L  — a.  Aabpmdra  HarteHea  (OMU^nda).    B.  lalut  Jbuotouatat  «7AA>- 


Moreovcr,  in  the  latter  group,  the  majority  of  the  segments 
of  the  body  bear  two  pairs  of  limbs,  and  probably  represent 
two  somites. 

•  "R^eAnimd."    nioBtratod  edition. 


88H        TIO  AKATOHT  Of 

Thd  hmtd  b  eithar  flattened  from  sboTe  downwaid  (CM- 
(tyNHfti),  itr  from  before  beokward  ((^UognatJkay.  Se^ 
Mjitiflra  nrn  blind,  but  the  majority  have  area,  wli^i  aia  ge» 

''I'liti  iiinjurlly  have  the  mouth  oonstmoted  for  bituy,  mai 
ant  iinivlilml  wflh  a  pair  of  mandiblea,  ttie  moat  impoctaa* 
ittiniillnrlljr  n(  whioh  ia  that  they  are  jointed,  and  thorn  demit 
Ii>M  fnmi  iliH  typo  of  tho  ordiiiary  limb  than  do  those  of^ 


prally  aiiiall  aiul  not  very  numeroua  oceUi,  tbong^ 
(WNua.  thpv  are  largo  compound  eyes.  There  ia  aUra] 
itf  jtiliilml  autunniu. 


A.  ]K>rH]  vIkw  iir  Ihn  koLiriciT  pirt  uf  iht  bi» 


D.  Thi>  I 


A.  ]'K>rHi 

H.  Vnnlnil  TlnViVr'ths  hnd'  a.  J),  u  boftin. 

(\  1Tnr1<<r  tlnw  nf  Iha  (wnbtllc!  H>iERiant,  itanwlTiiF  tlie  aotciiiue,  a;  tli*  dji 

lihrnm  itiiI  ihs  muidlhlxx,  W. 
~   "'        -ninil  p«lr  ol  BUUiltai  V,  ind  tbe  flnl  pair  of  appendages  or  tl 


loctB,  while,  to  the  same  extent,  they  approach  the  gnatbites 
of  the  Peripatidea.  Tho  mandiblea  are  more  modified  in  tbe 
ChUopoda  (Fi^.  06)  than  in  the  Chilognatha.  In  the  latter, 
the  Bocond  pair  of  gnathites  form  a  broad  four-lobed  plate 
which  plays  the  part  of  an  under-lip,  while,  in  the  ChUopodOy 
they  are  soft  and  jointed,  and  united  at  their  bases  by  a  bi- 
lobed  median  process  (Fig.  96,  v').     lu  the  ChilogncUka  tbe 
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four  segments  which  follow  the  head  are  free,  and  their  append- 
ages resemble  ordinary  limbs.  The  anterior  pair  is  turned 
forward  and  comes  into  relation  with  the  mouth,  and  the  ter- 
gum  of  the  first  somite  is  often  enlarged ;  of  the  other  three 
somites,  the  appendages  of  one  appear  to  be  always  abortive. 
Thus  there  are  three  segments  with  single  pairs  of  legs. 
The  rest  each  bear  two  pairs. 

In  the  GhUopoda^  on  the  contrary,  the  head  is  followed  by 
a  basilar  segment  (Fig.  96,  -S),  formed,  according  to  Newport, 
by  the  union  of  four  embryonic  somites,  and  carrying  three 
pairs  of  appendages.  Of  these  the  first  are  limb-like,  but 
are  turned  forward  beneath  the  mouth  (Fig.  96,  D,  vi')  ;  the 
second  pair  are  the  strong  recurved  poison-claws,  and  the 
hindermost  pair  may  become  functional  legs,  resembling  those 
which  are  attached  to  the  succeeding  somites,  but  are  alwava 
smaller  than  the  others,  and  may  be  altogether  aborted  in  the 
adult.  The  somites  of  the  body  never  bear  more  than  one 
pair  of  limbs. 

The  alimentary  canal  is  usually  straight  and  simple,  like 
that  of  an  insect  larva.  There  are  large  salivary  glands,  and 
the  intestine  is  provided  with  Malpighian  tubules. 

The  heart  extends  through  the  greater  part  of  the  length 
of  the  body,  and  is  many-chambered,  there  being  one  cham- 
ber for  each  of  the  somites  in  which  it  lies.  Each  chamber  is 
somewhat  conical  in  shape,  being  broader  behind  than  in  front, 
and  admits  the  blood  by  a  pair  of  lateral  clefts,  while  the 
blood  leaves  it,  in  part  by  the  communication  with  the  adja- 
cent chamber,  in  part  by  lateral  arterial  branches.  A  medi- 
an aortic  trunk  continues  the  heart  forward,  and  the  lateral 
trunks  encircle  the  oesophagus  and  unite  into  an  artery  which 
lies  upon  the  ganglionic  chain.  The  arterial  system  in  the 
Chilopoda  is,  in  fact,  as  complete  as  that  of  the  Scorpions.' 

The  respiratory  organs  are  tracheae,  which  open  by  stig- 
mata on  the  lateral  or  ventral  surface  of  more  or  fewer  of  the 
somites.  In  Scutigera  the  stigmata  are  situated  in  the  me- 
dian dorsal  line  of  the  body. 

The  nervous  system  presents  a  ventral  chain,  with  a  pair 
of  ganglionic  enlargements  for  each  segment  of  the  body,  the 
most  anterior  of  which  are  connected  by  conmiissurcs,  which 
embrace  the  oesophagus,  with  the  cerebral  ganglia. 

The  ovary  in  both  Chilognatha  and  Chilopoda  is  long, 

I  Newport,  "  On  the  Structure,  Relations,  and  Development  of  the  NervouB 
and  Circulatory  Systems  in  the  Myriapoda  and  Maorurous  Arachnida.'*  (^*  Phi- 
losophical Transactions,**  1863.) 
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.,,U.,  iiimI  iubuiur  iL  i  im..  It  lies-  libnve  the  aliznentizj 
.  .  kl  ill  ili«:  lb::t'r.  tK^rwt^'L  :ti(  iJinii^ui&rv  chJitH  aud  ibc-  ser- 

V  .*.•  *iyhl«i:.  i!.  til*.  i.)rni*'T.  Tut  dciubie  vstriuft'  ciiteii  on.  cr 
:  J*;  l>i  iiiiid.  lij*.  :ms*'S'  of  ;iiv  ut^troiid  pair  o:  iec*  iii  tbt  '.'Ar- 

■     tiiitho  :  JiT  III'  p  »s;*jn.ir  enc:  of  tiie  bciCT,  bem;ititj  liie  ftsos. 

'Mil  ii  M'-f  iji  iijt  Cfiu'»auatrtn  are  TiiMiiar  rl&Dos.  "iriicb 
.III  ij|/y  tti(  huiii'  p'jsiijoij  BJb  \h\  c<varv.  bziu  opes  iij  UDe  s&xar 
II  ^/i«i»i.  'J'»i«  y  hav.  lUiiTta  '/a-caL.  Liid  art-  coiiuected  Ij  Trans- 
\  1 1  AC  'J  -J*  1 ." .  Iw '.  '.■'  ■;  »uijii  ory  orraiis*.  :  »r  penes,  are  de  veioped 
iHi  lit*  i-Mrriai  fao*  '.■:  itjf  siiiL  Sfcnj^-n:  which  fcilit'ws  the 
til  a«i.  «^f  jif.  ^-'.njiif'.-u-'i  wiiL  iiifr  basi.?fr  oi  tht*  Berenlh  pair  of 

Jfj  \\ii:  ('hilftjtodi  I'jctc  is  B  £■:•'. id  deal  of  raiiaTion  in  lie 
hiiu'-l'jri.'  of  T^jfr  t'-Mis.  Thus,  in  I^ith.tfnuf^'  the  testis  is  a 
hiuyU:  fijjf'.»rrTj  tuJ»e.  '"riuwiyd  at  the  hinder  end  wiih  two 
ill  ff.fi  rjt  'Jucl^^w.i'.K  t.':i»] >Thr':  thv  r».:'Tuiri.  A  larire  caecum, 
iipjiJiririi'v  !i  vvvi'.  Jia  t""  Ti.i'.a-ii-.  o;  •'.:.£  iutc  f'ach  defert-nt  duv:i. 
liiii.  j'l  rr.'.M  ^  *r.iio;-'»d^.  i:j'  iv-s^Tes  Lrt  iusifonn  aciinL  unired 
)/>  '!•  .'Ml  'i-:'-".^,  wjih  ii  lii-.'-JliaTi  vat  drf'irtf'T^.s.  Two,  or  K.'Ur, 
|,«ui^  •  f  :i'f«- v,rv  ;.'laiid5  :irc'  r;  -Lriected  whh  ihe  c-jKninp  of 

Till  ^f*' rrri;it'.//.;i  r:?f  ir.- '"]•«*•■■]  in  Fpcrn'.aT :-pb z-ros  in  .S.•l■«7^>- 
'III!  fliilt»'jnnfhn  f/.j.ijlat".  In  Gl-'mcrtS  s,t\:\  J^',*Ii/xcnus 
lilt  f/i  mi.il  ;in»rt !ir'"-  of  thf  t'»vii  scxes  arc*  hri'Ucrht  toirethcr 
•Imiiiy  ' ''|.ijl;iti'iij  ;  IjijT,  in  I'ffus,  x]ir  prn^P  of  the  male  are 
,  lifiif/i  '1  Willi  iIm'  sj.»Tf'iriti"  fluid  }»i-f'"re  copulation  t-akes  plnce, 
iMfl  ii  I.-  I'v  il"  ii  •'i'y'fiifv  \]iHX  \h<'  fvrr::Alo  i>  impreernated. 

'I  III  f  '/ii/*/p^ff/ff  lirivf.*  ij'.i  ^ti'€-n  ('*\i>*:ry\fil  to  copulate;  in- 
.li.il,  ilif  ii  tn'.iU-  ?»li'/\v»,  a  t*  nd'/ncv  to  destroy  the  males,  as 
.iiitMn;/  >jii«l'  f:-.  'J'Iji  ifi;il<'  (wt:'tj'hih(s  splns  wcbs  like  those 
I  I  I'pJ'Ii  »^  ;i'  IO"^  lljf  fiassa^T's  which  he  frequents,  and  depos- 
li.i  Ii  ri(n  f iri.'iioj/finM:  in  th':  fMrntre  of  rarh. 

M.  i.-i  lifjjl'iiir*  has  j'-r-r-ntly  shown  that,  in  the  ChUofjiiatha^ 
I  III-  |ii'i«  1  ^^  of  y<jk  'livisioii  i.s  complete,  and  confirms  the  obser- 
,  .,11.111  n\  .\«  wporl  ("  J'hil.  Trans./'  1841).  that  the  sternal  face 
,1  ilii  hhihi'idiffn  h*''roriics  sharply  infolded  down  its  centre, 
^„  ..ill  Ii  II  iiinrin'-r  ihal  \\\f*.  anterior  and  the  posterior  halves  of 

.  1 .1'  M  .  "  A  r.;it'/fiii.  -if  -  'iV'iri"'-  P:pr'"Ju':t(ur.-  Jvs  M;.Tiap>dc?."    (*'  Annuli>s 
j_     .i,liiM«r  Sritiin  )Ii>,"  l**.',.'.  J 

liiii<»v"l''t'i''  '!■  r  fJoppi'lfi'iKniireu    MyriapK)Jcii  {Chih'Tnath<i'\.*^     {Z^it- 
I      y  r,if  Ui.-it.  /.""I'Mji/^^  1 '74.  < 
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that  face  of  the  embryo  become  closely  applied  together. 
Metschnikoff  further  points  out  that  only  two  pairs  of  ap- 
pendages are  converted  into  gnathites,  and  that  a  chitinous 
cuticuTa,  apparently  identical  with  what  Newport  describes 
as  the  *'  amnion  "  in  lultiSy  is  early  thrown  off  from  the  em- 
bryo. In  some  species  it  develops  a  median  tooth-like  pro- 
cess, which  serves  to  burst  the  vitelline  membrane.  New- 
port describes  a  short  cord,  or  funiculus^  which  connects  the 
anal  extremity  of  the  embryo  with  the  so-called  ^'  amnion." 
It  is  not  improbable  that  this  is  simply  the  continuation  of 
the  first  larval  skin  into  the  rectum. 

The  embryo  lultis  at  first  bursts  the  vitelline  membrane, 
and  is  inclosed  only  in  the  embryonic  integument.  At  this 
period  its  body  is  divided  into  eight  segments,  of  which  the 
first  represents  the  head.  Traces  of  the  antennae  are  visible 
on  the  sides  of  the  head,  and  the  four  following  segments 
exhibit  papillae  ;  those  of  the  second,  third,  and  fifth  segments 
develop  into  the  three  pairs  of  functional  limbs,  with  which 
the  young  myriapod  is  at  first  provided. 

between  the  terminal  segment  and  the  seventh  the  body 
grows  and  becomes  divided  into  six  rudimentarv  new  seg- 
ments. The  terminal  segment  also  becomes  divided  into 
two.  Thus,  when  the  young  escapes  from  the  embryonic 
integument,  it  consists  of  nine  complete  segments,  including 
the  head,  with  six  rudimentary  segments  interposed  between 
the  peniiltimate  and  the  antepenultimate — making  fifteen  in 
all ;  which  is  the  full  number  of  segments  (head  +  three  tho- 
racic 4-  eleven  abdominal  somites)  possessed  by  an  insect 
larva. 

There  is  this  difference,  however,  between  the  insect  and 
the  larval  myriapod  :  that  since,  in  the  latter,  there  are  only 
two  pairs  of  gnathites,  which  must  answer  to  the  mandibles 
and  first  maxillae  of  insects,  the  ambulatory  appendages  of 
the  second  segment  must  represent  the  second  maxillae  of 
insects  ;  and  hence,  though  there  is  apparently  the  same 
number  of  somites  in  the  two  cases,  there  must  in  realitv  be 
one  fewer  in  the  myriapod.  The  myriapod  larva,  therefore, 
notwithstanding  its  hexapod  character,  is  essentially  differ- 
ent from  an  insect  larva. 

The  sixth  and  the  seventh  segments  develop  two  pairs  of 
legs,  as  do  all  the  newly-formed  segments ;  and  it  is  worthv 
of  notice  that  the  male  copulatory  apparatus,  inasmuch  as  it 
is  situated  in  the  seventh  (sixth  postcephalio)  segment  in  the 
adult,  is  developed  from  one  of  the  primary  segments  of  the 
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|.  jjij  BOl  from  the  subsequendy-rndded  segmentai 
!'~'^^v^^aat>>  eAoh  giving  rise  to  two  pain  of  limbfl^  are 
AiTitonrf  fcy  >^**^  ^^  ^^  ^rminal  region  between  the  penul- 
j^!?!l  i^irment  and  the  hindermost  of  the  newly-formed 


^SH  the  full  number  of  the  adult  is  complete. 
]I?aU  other  ChUognaiha  of  which  the  development  has 

^ tffaoed»  the  young,  at  first,  possess  only  three  iMuni  of 

^^^||l,jjiii^  legs;  and  one  of  the  four  s^^ents  which  follow 
y^'ij^  jg  apodal  According  to  Fabre,  the  apodal  meg- 
~~^  j^  J\^^dd»mu8  eompkuKJUus  is  the  second,  and  not,  as 

^  hdm,  the  third. 

la  the  Ohilopoda  the  young  leave  the  egg  with  seven 
ilUkM^  ScuUigera)  or  a  greater  number  of  pairs  of  ambn- 
wiQff  limbs.  Seolopendra  is  said  to  be  viviparous.  The 
^5i»  alages  of  development  of  GeophUuB  have  been  de- 
^Sftyfl  by  Metsohnikoff.^  Complete  yelk-division  takes 
j-^  god  when  the  young  leaves  the  egg  it  has  a  cylindrical 
F^jy^like  that  of  one  of  the  Chilognathc^  and  possesses  many 
I^S«*ot  limbs.  Newport '  has  pointed  out  that,  in  Geophir 
Tufi^fOi^ieorniSj  the  basilar  segment  is  formed  by  the  conflu- 
^HQ^  Cm  four  somites,  of  the  appendages  of  which  only  two 
m^  ultimately  developed.  Thus  the  basilar  segment  of  the 
l^^i  of  the  Chilopoda  appears  to  correspond  very  closely 
^h  the  four  somites  which  follow  the  head  in  the  ChUognor 
lln^  Under  these  circumstances,  the  diflference  in  the  posi- 
aJpH  of  the  reproductive  apertures  in  the  two  groups  is  ex- 
g^ingly  remarkable. 

fVissil  Myriapoda  occur  both  in  the  tertiary  and  secondary 
Initiations,  and  there  seems  no  reason  to  doubt  that  the 
jM^ius  sigiUarice  discovered  in  the  coal  of  Nova  Scotia  by 
|m11  and  Dawson  is  to  be  referred  to  this  group. 

Xhb  Insecta. — Notwithstanding  the  vast  number  and  the 
lingular  diversity  of  form  of  Insects,  the  fundamental  unity 
^  their  structure  is  remarkable,  and,  in  this  respect,  the  group 
^{bits  a  striking  contrast  to  the  Crustacea. 

The  division  of  the  body  into  three  regions — ^head,  thorax, 

igl  abdomen — is  usually  well  marked,  not  only  by  the  peculiar 

locations  which  the  cephalic  and  thoracic  somites  under- 

but  by  the  attachment  of  the  three  pairs  of  ambulatory 

^  ^iU(Mftfur  wUi,  ZoolopU,  1875. 

Ponograph  of  the  class  MyrUpoda,  order  Chilopoda.    (**  Traoaaotions  <^ 
iDSBan  Society,'*  xiz.) 
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limbs  exclusively  to  the  latter.  The  head  possesses  four  pairs 
of  appendages,  that  is  to  say,  one  pair  of  antennae  and  three 
pairs  of  gnathites ;  and,  as  a  general  rule,  there  is  a  pair  of 
compound  eyes,  sessile  upon  the  sides  of  the  head ;  sometimes 
simple  eyes  are  added  to  them.  The  first  pair  of  gnathites 
are  the  mandibleSj  which  are  always  devoid  of  a  palp.  The 
second  pair  are  the  maxilloB^  which,  in  those  insects  in  which 
the  mouth  is  least  modified,  are  distinct  from  one  another  and 
laterally  movable ;  while  the  third  pair  of  gnathites  are 
united  together  in  the  median  line,  and  constitute  the  labium 
of  entomologists.  In  front  of  the  oral  aperture  is  a  median 
plate,  the  labrum  ;  while  from  the  floor  of  the  mouth  formed 
by  the  labium  another  median  process,  the  lingua^  is  usually 
developed. 

It  is  hardly  open  to  doubt  that  the  mandibles,  the  maxiUse, 
and  the  labium,  answer  to  the  mandibles  and  the  two  pairs  of 
maxillsD  of  the  crustacean  mouth.  In  this  case,  one  pair  of 
autennary  organs  found  in  the  latter  is  wanting  in  insects,  as 
in  other  air-breathing  Arthropods,  and  the  existence  of  the 
corresponding  somite  cannot  be  proved.  But  if  it  be  sup- 
posed to  be  present,  though  without  any  appendage,  and  if 
the  eyes  be  taken  to  represent  the  appendages  of  another 
somite,  the  insect-head  will  contain  six  somites,  the  praeoral 
sterna  being  bent  up  toward  the  tergal  aspect,  as  in  the  higher 
CruBtacea. 

The  three  somites  which  succeed  the  head  are  termed  re- 
spectively jjro^Aoraa;,  mesothoraXy  and  metathorax.  A  pair 
of  legs  is  normally  attached  to  each;  and,  when  wings  exist,, 
they  are  lateral  expansions  of  the  tergal  region  (correspond- 
ing with  the  pleura  of  Crustacea)  of  the  mesothorax  or  the 
metathorax,  or  of  both. 

In  the  abdomen  there  are,  at  most,  eleven  somites,  none 
of  which,  in  the  adult,  bear  ambulatory  limbs.  Thus,  assum- 
ing the  existence  of  six  somites  in  the  head,  the  normal  num- 
ber of  somites  in  the  body  of  insects  will  be  twenty,  as  in  the 
higher  Crustacea  Arachnida,^ 

One  of  the  commonest  of  insects,  the  Cockroach  (Blatta 
(Periplaneta)  orientalis)  is  fortunately  one  of  the  oldest,  least 

1  It  18  open  to  question  whether  the  podioal  pbtos  represent  a  somite ;  and 
therefore  it  must  be  recollected  that  the  total  number  of  somites,  the  existence 
of  which  can  be  actually  demonstrated  in  insects,  is  only  seventeen,  viz.,  four 
for  the  head,  three  for  Uie  thorax,  and  ten  for  the  abdomen. 
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modified,  and  in  manj  ways  most  instnictiTe  fbtms;  at  fhe 
same  time,  it  is  not  too  small  for  oonyenient  dinsncition.* 

In  this  insect  the  head  is  vertically  ekmgated,  flattened 
from  before  backward,  and  connected  by  a  distinot  n^^ 
with  the  prothoraz.  The  antennsd  are  slender,  as  lon^  afl,  or 
rather  longer  than,  the  body.  Large  renif orm  compomid  eyes 
are  situated  at  the  sides  of  the  head.  The  temi  portion  of 
the  prothorax  (pronotum)  is  a  wide  shield,  which  oyeriaps  the 
head,  in  front,  and  the  tergal  portion  of  the  mesothoraz^  or 
mesonotum^  behind.  The  legs  are  strong,  and  inereaoe  in 
length  from  the  first  pair  to  the  last.  The  abdomen  is  flat- 
tened from  above  downward,  and  bears  a  pair  of  elongated, 
many-jointed,  setose  styles  (cerei)  at  its  hinder  eztremitj. 

The  males  differ  very  considerably  from  the  f emalesL  They 
have  two  pairs  of  wings,  of  which  the  anterior  are  brown,  and 
are  of  a  stiff  and  homy  texture.  As  they  serve  to  cover  tiio 
posterior  wings,  they  are  termed  teffmtna.  When  closed, 
the  lefl  overlaps  the  right,  and  they  extend  back  as  far  as 
the  posterior  edge  of  the  tergum  of  the  6fth  abdominid  so- 
mite. 

'  The  posterior  wings,  on  the  contrary,  are  thin  and  mem- 
branous ;  and,  in  a  state  of  rest,  are  folded  longitudinally 
upon  themselves,  the  folded  edge  being  internal.  In  this 
condition  they  arc  triangular,  the  base  of  the  triangle  lying 
close  to  the  posterior  edge  of  the  fourth  abdominal  somite, 
and  the  right  a  little  overlapping  the  left.  When  forcibly 
unfolded  and  made  to  stand  out  at  right  angles  to  the  body, 
each  of  these  wings  is  seen  to  have  a  nearly  straight,  thick- 
ened, anterior  edge,  while  its  rounded  outer  and  posterior 
edges  are  very  thin.  The  wing  is  strengthened  by  radiating 
thickenings,  or  nervureSy  united  by  delicate  transverse  ridges; 
and,  when  left  to  itself,  it  springs  back  into  its  folded  state 
with  some  force. 

The  abdomen  of  the  male  is  not  very  broad.  The  sterna 
of  the  abdominal  somites  are  all  flattened  ;  and,  to  the  hind- 
ermost,  two  minute  unjointed  styles  are  attached,  while  some 
singular  hooked  processes  are  seen,  on  close  inspection,  to 
protrude  between  the  hindermost  tergum  and  the  hindermost 
sternum.  The  abdomen  of  the  female  is  very  much  broader, 
especially  toward  the  middle  of  its  length.  The  hindermost 
sternum  is  convex  and  boat-shaped,  and  its  posterior  half  is 
separated  along  the  middle  line  into  two  halves,  united  only 

>  Se^  for  an  exoelleDt  figure  snd  description,  BoUoston,  **  Fonns  of  Animal 
Life/'  p.  199,  plate  vL 
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by  a  thin  and  flexible  membrane.  Sometimes  the  great  egg- 
case,  which  the  female  carries  about  for  some  time  before  it 
is  laid,  is  seen  protruding  between  the  posterior  terga  and 
sterna.  The  female  has  movable  tegmina,  but  they  are  very 
small,  inasmuch  as  they  do  not  extend  beyond  the  middle  of 
the  metathorax,  and  are  widely  separated  in  the  middle  line; 
they  are,  in  fact,  mere  rudiments  of  the  anterior  wings.  The 
posterior  wings  appear,  at  first,  to  be  altogether  wanting. 
But  the  outer  extremities  of  the  metanotumy  or  tergal  portion 
of  the  metathorax,  present  triangular  areas,  in  which  the  in- 
tegument is  very  thin,  and  exhibits  markings  which  simulate 
the  nervures  of  the  wings.  There  can  be  no  doubt,  in  fact, 
that  these  are  undeveloped  wings,  and  they  show,  in  a  very 
instructive  manner,  that  the  wings  are  modifications  of  that 
part  of  the  insect  skeleton  which  answers  to  the  pleura,  and 
therefore  to  the  lateral  parts  of  the  carapace,  of  a  crustacean. 

The  convex  dorsal  wall  of  the  head  of  the  Cockroach  (Fig. 
97)  is  termed  the  epicranium.  A  median  suture — the  epicror 
nial  suture — may  be  seen,  especially  in  young  Cockroaches, 
traversing  it  from  before  backward,  and  dividing  between  the 
eyes  into  two  branches,  one  of  which  passes  toward  the  artic-* 
ulation  of  each  antenna.  The  basal  joint  of  the  antenna  is 
attached  to  a  transparent  flexible  membrane,  which  occupies 
an  oval  space,  the  antennary  fossa,  and  allows  of  the  free  play 
of  the  antenna.  A  little  projection  of  the  hard  chitinous  skel- 
eton, when  it  bounds  the  inferior  margin  of  the  fossa,  helps 
to  support  the  joint.  On  the  inner  side  of,  and  above  the  an- 
tennary fossa,  there  is  an  oval  fenestra,  covered  only  by  a 
thin  and  transparent  portion  of  the  integument,  which  allows 
a  subjacent  tissue  of  glistening  white  appearance  to  be  seen 
(Fig.  97, 1.,  II.,  6).  These  have  been  regarded  as  rudimentary 
ocelli  by  some  entomologists  ;  but  their  structure  needs  care- 
ful examination  before  this  view  can  be  adopted. 

The  transparent  cornea  of  the  eye,  situated  external  to 
and  behind  the  antennary  fossa,  is  elongated,  wider  above 
than  below,  and  has  a  concave  anterior,  and  slightly  convex 
posterior,  margin.  The  numerous  facets  into  which  the  cor- 
nea is  divided  are  hexagonal  in  shape,  and  very  small. 

The  broad  flattened  region  of  the  fore-part  of  the  head,  on 
the  oral  side  of  the  epicranial  Buture,  is  the  dypeus.  It  is 
prolonged  in  front  of  the  mouth,  and  with  the  truncated  edge 
of  this  prolongation  the  flap-like  labrum  is  freely  articulated. 
Behind  the  labrum  are  two,  very  stout,  curved  mandibles, 
strongly  toothed  at  their  extremities  (Fig.  97,  IL,  mn).    Each 
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tnward  and  from  the  median  line,  but  in  no  other  direotioD. 
The  pi^ximsl  end  of  the  inaiiilla  (Fig.  97,  HI.)  is  formed  by 
nn  elongated  basal  articulation,  the  cardo,  which  is  directed 
transverspjy  to  the  axis  of  the  head,  and  ia  connected  with 
the  inferior  marein  of  the  epioranium,  or  rather  with  a  thin 
Bketetal  band  which  runs  round  the  posterior  margin  of  the 


THE  COCKROACH.  347 

epicraniuniy  and  is  firmly  united  with  it  only  on  its  dorsal  side. 
This  band  forms  the  boundary  of  the  so-called  occipital  fora- 
metij  by  which  the  cavity  of  the  head  communicates  with  that 
of  the  neck,  the  chitinous  wall  of  the  latter  region  being  con- 
tinuous with  it.  Articulated  at  right  angles  with  the  cardo 
is  the  stipeSy  or  second  joint  of  the  maxilla.  This  is  freely 
movable  in  the  lateral  direction,  and  its  outer  distal  angle 
bears  the  continuation  of  the  limb,  or  palpus j  formed  by  two 
short  and  three  long  joints.  Two  processes  terminate  the 
stipes  ;  of  these,  the  anterior  and  outer — the  galea — is  soft, 
rounded,  and  possibly  sensory  in  function,  while  the  posterior 
and  inner — ^the  lacinia — is  a  curved  cutting  blade  with  a 
toothed  and  spinose  inner  edge. 

The  labium  (Fi^.  97,  III.)  consists  of  two  incompletely- 
separated  median  plates,  the  submentum  behind,  and  the  men" 
turn  in  front ;  upon  the  latter  follows  a  bilobed  terminal  piece, 
the  ligulay  each  lobe  of  which  is  again  divided  longitudmally 
into  two  portions,  which  have  considerable  similarity  to  the 
galea  and  lacinia  of  the  maxilla.  The  outer  is  usually  termed 
the  paragloasa. 

Between  the  mcntum  and  the  ligula,  on  each  outer  edge 
of  the  labium,  a  small  piece,  the  palpiger^  is  articulated  ;  it 
bears  the  three-jointed  labial  palpus ^  which  is  to  be  regarded 
as  the  proper  free  termination  of  the  second  maxilla.  The 
resemblance  between  the  labium  and  a  pair  of  maxillro  which 
have  coalesced,  is  obvious. 

The  submentum  is  not  directly  articulated  with  the  cranial 
skeleton,  but  its  posterior  edge  is  close  to  one  of  the  cervical 
sderites^  or  skeletal  elements  observable  in  the  chitinous  in- 
tegument of  the  neck,  of  which  there  are  altogether  seven. 
One  is  dorsal,  median,  and  marked  by  a  deep  longitudinal 
depression.  It  articulates  with  the  dorsal  margin  of  the  oc- 
cipital foramen.  Four  are  lateral,  two  on  each  side  (Fig.  97, 
L,  Ic)  ;  these  take  an  oblique  course  from  the  dorsal  part  of 
the  boundary  of  the  occipital  foramen,  with  a  tubercle  of 
which  the  anterior  piece  is  articulated,  to  the  anterior  edge 
of  the  epistemum  of  the  prothorax.  The  inferior  cervical 
sclcrites  (Fig.  97,  I.,  ic)  are  two  narrow  transverse  plates,  one 
behind  the  other  in  the  middle  line.  Thejr  appear  to  repre- 
sent the  part  called  gvlay  which,  in  many  insects,  is  a  large 

>  I  use  this  term  in  the  seiiBe  in  which  it  has  been  employed  by  Milne- 
Edwards,  to  denote  any  definite  hardened  part  of  the  chitinous  skeleton.  It 
is  to  the  latter  what  a  distinct  ossification  is  to  the  skeleton  of  a  vertebrated 
animal. 
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plate,  confluent  with  the  tipicranium  nbovo  and  supporting  the 
submontum  anteriorly.  I  think  it  is  probable  that  these  cer- 
vical solerites  represent  the  tiindermost  of  the  cephalic  somites, 
while  the  band  with  which  the  maxillfe  are  united,  and  the 
gome,  are  all  that  is  left  of  the  sides  and  roof  of  the  first  max- 
illary and  the  mandibular  somites;  the  epicranial  expanaiooa 
being  mainly  formed  by  the  upward  and  backward  extension 
of  the  ophthalmic  and  antennary  stema,  which  arise  out  of 
the  procephalic  lobes  of  the  embryo.  Id  addition  to  these 
extern  ally- visible  sclerites,  there  is  a  sort  of  internal  skeleton 
{endocranium  or  lejiloritim),  which  extends  as  a  rmciform 
partition  from  the  inner  face  of  the  lateral  walls  of  the  era- 
nitim,  close  to  the  articulation  of  the  mandible,  to  the  sides  of 
the  occipital  foramen.  The  centre  of  the  cross  is  perforated 
by  a  rounded  aperture,  through  which  the  cesophageal  nerve- 
commissures  pass.  The  commcncemont  of  the  cesophagua 
traverses  the  interspace  between  the  anterior  processes  of  the 
cross  ;  the  tendons  of  the  great  adductors  of  the  mandible 
pass  through  the  lateral  apertures ;  and  the  backward  contin- 
uation of  the  gullet  enters  the  thorax  through  the  posterior 
aperture,  included  between  the  tentorium  and  the  margins  of 
the  occipital  foramen. 

In  each  somite  of  the  thorax  a  distinct  median  soleritc, 
the  sternum,  may  be  observed  ;  and  a  much  larger  tergal 
piece,  the  notum.  At  the  sides  of  the  somite  arc  other  defr 
nitely 'arranged  sclerites,  the  anterior  of  which  appear  to  an- 
swer to  the  episternum  and  epimera  in  the  Cruttacea,  while 
the  posterior,  perhaps,  properly  belong  to  the  attached  limb. 

Forked  or  double  apodemes,  the  antefurca,  medi/urva, 
and  poatfurca,  project  from  the  sternal  wall  of  each  somlto 
of  the  thorax  into  its  cavity.  They  support  the  nervous  oord 
and  give  attachment  to  muscles. 

The  legs  present  a  lar^  basal  joint,  the  coxa,  between 
which  and  tJie  third,  termed  femur,  a  small  articulation,  the 
troe/itnter,  is  interposed.  Upon  tlic  femur  follows  an  olon- 
f^tcd  tiJna  ;  and  this  is  suooeeded  by  the  Carsiit,  which  con- 
sists of  six  joints.  Of  these,  the  proximal  joint  is  long  and 
stout,  the  three  next  are  short,  the  fifth  is  elongated  and  slen- 
der ;  the  sixth,  very  short,  is  terminated  by  two  curved  and 
pointed  claws  {ungues).' 

I  Mr.  WeBtwood  {"  Modem  ClnBaiflcation  of  InsecW,"  vol.  i,  p.  41fl)  ujs 
thnt  the  tarsi  are  flve-jointod,  and  Uinl  thoro  is  a  pulvlllos  between  tho  nngtiCB. 
The  alith  joint  ^V"^  >«  bo  what  Ur.  Wcatwood  tomu  puMIlm,  but  it  te  a 
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The  broad  dififerences  in  the  structure  of  the  abdomen  of 
the  male  aqd  female  have  been  already  pointed  out.  Of  the 
eight  terga  externally  visible  in  the  female  (Fie.  98),  the  first 
is  shorter  than  those  which  succeed  it  ;  and  ^e  hindermost 
(Fig.  98,  10)  is  escutcheon-shaped,  defiexed  at  the  sides,  thin 
in  the  middle,  and  notched  at  the  end.  When  this  tergum  is 
gently  pulled  backward,  two  other  very  narrow  terga  (Fig. 
98,  8,  9),  of  which  the  anterior  overlaps  the  posterior,  and 
which  were  hidden  between  it  and  the  antepenultimate  or 
seventh  tergum,  become  visible.  The  apparent  eighth  tergum 
is  therefore  really  the  tenth.  Beneath  the  tenth  tergum  are 
two  triangular  joocftco/ plates  (Fig.  98, 11),  one  on  each  side 
of  the  anus.  Provisionally,  I  take  them  to  be  the  sderites  of 
the  eleventh  abdominal  somite. 

The  first  sternum  is  confluent  with  the  second,  and  largely 
hidden  by  the  coxae  of  the  metathoracic  limbs.  The  seventh 
is  greatly  enlarged,  and  its  posterior  edge  is  produced  into  a 
boat-shaped  process,  nearly  divided  into  two  portions  by  an 
inward  fold  of  the  integument  along  the  median  line. 

Completely  hidden  by  the  seventh  sternum  is  a  thin  plate, 
narrower  in  front  than  behind,  where  it  is  produced  on  each 
side.  Anteriorly,  it  is  articulated  with  the  sternum  of  the 
following  somite,  so  as  to  form  a  sort  of  spring-joint,  which 
ordinarily  keeps  it  applied  against  the  latter,  and  therefore 
directed  obliquely  upward  and  a  little  forward.  The  large 
aperture  of  the  vulva  (Fig.  98,  v)  lies  in  the  middle  of  this 
plate.  On  the  sternal  region  behind  the  vulva,  between  it 
and  the  anus,  arises  a  pair  of  elongated  processes,  divided 
into  two  portions,  of  which  the  outer  is  thick  and  soft,  the 
inner  slender,  pointed,  and  hard.  They  embrace  and  partly 
cnsheath  two  other  processes,  having  somewhat  the  shape  of 
knife-blades,  the  anterior  fixed  ends  of  which  are  curved,  and, 
being  attached  to  the  sides  of  the  somite  to  which  they  be- 
lonfi^,  are  distant,  while  the  blades  meet,  and  are  applied  to- 
gether in  the  middle  line.  Of  these,  which  may  be  termed 
gonapophyaeSy  the  study  of  their  development  shows  that  the 
posterior  bifid  pair  belong  to  the  ninth  somite,  while  the  an- 
terior pair  belong  to  the  eighth. 

The  cerci  {x)  arc  attached  to  the  dorso-lateral  part  of  the 
tenth  somite. 

In  the  abdomen  of  the  male  Blatta  (Fig.  99)  the  ten  terga 
are  readily  discernible;  but  the  eightn  and  ninth  are  very 
short,  and  the  former  overlaps  the  latter.  The  tenth  tergum 
is  fiat,  and  has  a  freely-projecting,  truncated,  posterior  mar- 
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gin.  Articulated  beneatli  its  lateral  edge  are  two  multisitHi- 
ulate  cercJ  (x),  Bimilar  to  thoBe  of  ihe  female. 

Beneath  the  tenth  lergnm,  and  hidden  by  il,  are  the  two 
podicat  plates  (11)  between  which  the  anus  opens.  The  first 
sternum  is  small,  and  may  easily  escape  notice.  The  second 
to  the  sixth  sterna  are  of  nearly  equal  width  and  lejiglh.  The 
seventh  and  eighth  are  narrower;  the  ninth  still  narron-erand 
longer,  about  half  of  its  length  being  covered  by  the  eighth. 
The  covered  half  is  different  in  texture  from  the  uncovered, 
being  thinner  and  more  transparent,  and  its  anterior  margin 
is  deeply  notched.  The  uncovered  half  is  strong,  homy,  sod 
dark-colored,  convex  below  and  concave  above ;  its  free  pos- 
terior margin  is  obscurely  Irilobed  by  two  lateral,  shallow 
notches.  On  each  side,  a  slender,  unjointed,  setose  style, 
which  projects  backward  and  outn'ard,  is  attached  to  this 
sternum. 

Thus,  the  tergal  surface  of  the  abdomen  of  the  male  essen- 
tially resembles  that  of  the  female,  while  the  sternal  surface 
differs  in  exhibiting  two  sterna  more  (namely,  the  eighth  and 
ninth)  without  dissection.  Hence,  while  in  the  female  the 
opening  of  the  recto-genital  chamber  lies  between  the  tenth 
tergum  and  the  seventh  sternum,  iu  the  male  it  lies  between 
the  tenth  tergum  and  the  ninth  sternum. 

When  the  tenth  tergum  and  the  podical  plates  are  removed, 
n  very  singular  apparatus,  the  male  genital  armature,  comes 
into  view.  It  consists  of  a  number  of  chitinous  processes 
having  the  form  of  plates  and  liooks,  the  exact  form  and  dis- 
position of  which  could  be  made  intelligible  only  by  numerous 
figures.  It  may  be  stated  generally,  however,  that  these  plates 
and  hooks  terminate  processes  of  the  sternal  region  of  the 
tenth  somite,  on  each  side  of  the  aperture  of  the  vas  deferens, 
and  therefore,  though  they  ai-e  of  the  same  nature  as  the  gnna- 
pophyses  of  the  female,  they  are  not  their  exact  homologuea. 

The  most  conspicuous  division  of  the  right  gonapophysia 
is  a  broad  plate  divided  at  the  extremity  into  two  portions, 
the  inner  of  which  curves  inward  and  ends  in  two  or  three 
sharp  spines,  while  the  outi^r  is  coiled  upon  itself  so  as  to 
resemble  a  short  corkscrew.  The  left  gonapophysia  is  pro- 
vided with  a  long  process  like  a  tenaculiun,  the  incurved 
extremity  of  which  is  denticulated. 

The  alimentary  canal  of  the  Cockroach  commences  by  the 
oral  cavity,  situated  between  the  labrum  in  front,  the  mandi- 
bles and  mazillie  at  the  aides,  and  the  labium,  with  the  Urge 
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Ilnffua,  or  Ay;K);>Aarywc,  behind.  The  oesophagiu,  bepnniiig 
M  a  nuTow  tube,  puaes  between  the  anterior  crura  of  the 
tentorium,  and  then,  leaving  the  head  bj  the  occipital  foramea 
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and  travoraing  the  neck  and  thorax,  gradually  widens  into 
the  large  crop  or  ingluviet  (Fig.  98,  cj,  which  lies  in  the  ab- 
domen. This  is  followed  br  the  Hmall  thick-walled  provai- 
tricuhu  (Fig.  98.  d),  shaped  like  a  pear,  with  its  broad  end 
applied  against  toe  crop.  The  narrow  end  of  the  proTentricu- 
luB  opona  into  a  wide  canal,  the  ao-called  ckylifie  ventricle  or 
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verUrictUiM  (Fig.  98,  /),  an  elongated  tube,  the  junction  of 
which  with  the  intestine  is  marked  by  the  insertion  of  the 
numerous  Malpighian  tubes.  The  anterior  end  of  the  ven- 
triculus  is  provided  with  seven  or  eight  ca&cal  diverticula  of  un- 
equal lengths  (Fig.  98,  e),  the  pyloric  cceca.  The  first  portion 
of  the  intestine  {ileum)  is  narrow.  The  next,  termed  the 
colofij  is  very  wide,  and  somewhat  sacculated.  A  constric- 
tion marks  off  the  region  of  the  colon  from  the  straight  short 
rectum  (Fig.  98,  i),  which  terminates  in  the  anus,  situated 
at  the  hinder  extremity  of  the  body  between  the  podical 
plates.^ 

The  aperture  by  which  the  mouth  communicates  with  the 
gullet  is  small,  and  situat-ed  at  the  superior  and  anterior  part 
of  the  buccal  cavity.  A  broad  projection  of  the  posterior  and 
inferior  wall  of  the  buccal  cavity  occupies  all  the  space  between 
the  oesophageal  opening  of  that  cavity  and  the  labium,  and 
ends  in  a  free  subcylindrical  process.  This  is  termed  hypo- 
pharynx  or  lingua^  but  it  mi^ht  be  well  to  reserve  the  term 
lingua  for  the  free  end,  and  hypopharynx  for  the  attached 
posterior  portion.  The  anterior  surface  of  the  hypopharynx 
slopes  downward  and  forward;  its  sides  are  supported  by  two 
sclerites,  which  are  narrow  and  rod-like  above  and  broad  be- 
low, where  they  unite  in  an  arch  on  the  dorsal  face,  just  where 
the  free  part,  or  lingua,  begins.  On  the  under  side  of  the  lin- 
gua are  two  broader  sclerites,  which  also  unite  and  form  an 
arch,  which  lies  over  the  opening  of  the  salivary  duct.  The 
anterior  surface  of  the  lingua  and  hypopharynx  is  beset  with 
fine  hairs. 

The  two  salivary  glands,  with  their  receptacles,  are  greatly 
developed  in  the  Cockroach.'     The  glands  (Fig.  98, 1)  lie  on 


» M.  F.  Plateau  ("  Recherchea  but  les  ph<5nomdne8  do  la  digestion  chez  les 


of  injects  and  myriapods  into  a  buccal,  a  median,  and  a  terminal  portion.  The 
buccal  portion  consista  of  the  oesopha^s,  crop,  and  proventriculuB — which  last 
ho  conBidere  to  be  a  mere  strainer,  and  to  have  no  masticatory  function.  The 
middle  division  lies  between  tbo  provcntiiculus  and  the  insertion  of  the  Mal- 
pighian tubes.  The  terminal  division  extends  from  the  latter  point  to  the  anus. 
With  the  solitary  exception  of  lultu^  Uie  seeretions  of  the  alimentary  canal  are 


sects  aigestion  may  take  place  in  the  crop  by  the  flow  of  the  secretion  of  the 
middle  mtestine  into  it.  The  s^vary  flmd  of  MaUa  rapidly  effects  the  trans- 
fonnation  of  starch  into  sugar. 

>  The  salivary  glands  are  well  described  by  Basoh,  "  Untersuchungen  ttber 
die  ohylopoietische  und  uropoietisoho  Systemo  der  Blatta  orientalis."  ('*  Sitzb. 
Wiener  Akad.,"  1858.) 
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eaoh  side  of  the  oeflophagus  and  orop,  extending  through  ths 
thorax,  as  far  as  the  commencement  of  the  abdomen.  fiSabfa 
gland  is  a  white  mass,  as  much  as  a  quarter  of  an  inch  long, 
and  composed  of  numerous  acinL  The  ducts  which  arise  from 
these  acini  unite  first  into  a  single  trunk  on  each  aide,  and 
then,  beneath  the  sub-oesophageal  ganglion,  the  two  trtinkB 
join  to  form  the  single  short  salivary  duct  which  opens  be- 
neath the  lingua.  l%e  ducts  of  the  salivary  glands  are  lined 
by  a  transversely-ribbed  chitinous  membrane,  so  that  tfaej 
g^atly  resemble  tracheae. 

The  salivary  receptacles  (Fig.  98,  k)  are  elon^ted  oval 
sacs,  three-eighths  of  an  inch  lon^,  each  of  which  is  situated 
at  the  extremity  of  a  long  duct.  The  ducts  unite  in  front  with 
one  another,  and  with  the  duct  of  the  gland,  to  form  the  short 
terminal  common  duct.  The  receptade  and  its  ducts  have  a 
chitinous  lining  similar  to  that  of  the  duct  of  the  glands,  but 
the  spiral  marking  does  not  extend  over  the  walls  of  the  re- 
ceptacle. 

The  proventriculus  has  a  thick  muscular  coat,  and  the  chi- 
tinous lining  which  is  continued  into  it  from  the  ingluvies  is 
greatly  thickened,  and  produced  into  six  hard,  brown,  ridge- 
like principal  teeth.  Posterior  to  these  is  a  circle  of  six 
prominent  cushions  covered  with  setas,  and  similar  setae  beset 
the  lining  membrane  of  the  funnel-shaped  cavity  into  whidbi 
they  project.  Between  each  pair  of  principal  teeth  are  five 
smaller  tooth-like  ridges,  of  which  the  median  is  the  largest, 
and  a  variable  number  of  still  finer  longitudinal  elevations  lie 
between  them. 

The  proventriculus  leads  posteriorly  into  a  narrow,  thick- 
coated  canal,  the  tubular  extremity  of  which  projects  freely 
into  the  much  wider  anterior  end  of  the  chylific  ventricle,  and 
constitutes  a  very  efficient  valve. 

The  short  and  narrow  anterior  division  of  the  intestine 
(ileum)  is  separated  from  the  colon  by  a  circular  valve,  the 
surface  of  which  is  beset  with  small  spines. 

The  Malpighian  glands  are  very  numerous  (20-30),  deli- 
cate, csecal  tubules,  of  even  diameter  throughout,  and  lined 
by  a  small-celled  epithelium  inclosing  a  central  cavity. 

The  communication  between  the  colon  and  the  rectum  is 
very  narrow,  but  is  not  valvular.  The  walb  of  the  rectum 
itself  are  raised  into  six  ridges,  which  project  into  its  inte- 
rior and  are  abundantly  supplied  with  tracheae ;  these  are  the 
so-called  rectcU  glands.    Anal  glands  appear  to  be  absent. 

The  histology  of  the  alimentary  canal  has  been  particu- 
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larly  studied  by  Basch/  From  the  oral  cavity  to  the  funnel- 
shaped  extremity  of  the  proventriculuSy  it  is  lined  by  a  chiti- 
nous  coat  continuous  with  the  chitinous  layer  of  the  integu- 
ment, and  beset  for  the  greater  part  of  its  extent  with  fine 
setiform  processes.  Beneath  this  is  the  proper  endoderm, 
consisting  of  a  layer  of  cells.  Next  follows  a  structureless 
membrana  propria  or  basement  membrane  ;  and  this  is  suc- 
ceeded by  two  layers  of  striped  muscular  fibres,  the  internal 
disposed  longitudinally  and  the  external  circularly.  In  the 
proventriculus,  the  muscular  layers  become  much  tnicker,  and 
some  of  those  of  the  outer  layer  acquire  a  radial  arrangement, 
whi]e  the  longitudinal  muscles  are  disposed  in  bundles  which 
correspond  with  the  six  principal  ridges.  In  the  chylific  yen- 
tricle,  the  muscular  layers  and  the  basement  membrane  are 
disposed  much  as  before.  The  basement  membrane  presents 
pits  on  its  free  surface  in  which  rounded  celb  are  lodged,  and 
is  beset  between  these  by  the  elongated  cells  of  a  cylinder 
epithelium.  The  free  ends  of  these  present  a  thick  wall, 
marked  by  yertioal  striations.  There  is  no  chitinous  layer. 
The  oseca  are  merely  diverticula  of  the  wall  of  the  chylific 
ventricle. 

The  intestine,  finally,  repeats  the  structure  found  in  that 
part  of  the  alimentary  canal  which  lies  in  front  of  the  chy- 
lific ventricle  and  is  provided  with  a  setose  chitinous  lining. 

Basch  found  the  secretion  of  the  salivary  glands  and  the 
contents  of  the  crop  acid,'  and  that  an  infusion  of  the  sali- 
vary glands,  acidulated  with  hydrochloric  acid,  digested  fibrin. 
The  contents  of  the  chylific  ventricle  were  neutral  or  alka- 
line ;  and  an  infusion  of  the  chylific  ventricle  at  once  turned 
starch  into  sugar.  The  same  effect  was  produced  by  an  infu- 
sion of  the  salivary  glands. 

The  heart  (Fig.  98,  h)  is  a  slender  inconspicuous  tube, 
which  occupies  the  middle  line  of  the  dorsal  wall  of  the 
abdomen,  and  presents,  at  intervals,  pairs  of  lateral  apertures. 
The  wall  of  the  abdomen  internal  to  the  chitinous  integu- 
ment is  lined  by  a  soft  cellular  substance  {ht/podermis\  the 
outer  layer  of  which  represents  the  ectoderm  or  epidermis, 
while  the  deeper  part  is  the  parietal  layer  of  the  mesoderm. 
This  last  contains  a  stratum  of  longitudinal  muscular  fibres, 
divided  into  segments  or  myotomes^  in  correspondence  with 
the  somites,  and  numerous  tracheae.     The  heart  is  inclosed  in 

» **  Sitzun^sberiohte  dcr  Wiener  Akademie,*'  xxxiii.,  1858. 
*  Plateau  aentes  that  tho  salivary  secretion  of  Blatta  is  ever  acid,  and  as- 
cribes the  occasional  acidity  of  the  contents  of  the  crop  to  the  food. 
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the  abdominal  wall  whioh  aunounds  it  on  all  aides, 

only  a  amall^  pericardial  apace/    Beyond  the  alraider 

canal  in  whion  the  heart  terminates  anteriorly,  and  which 
paaaea  into  the  thorax  and  the  head,  no  vesaela  appear  to  be 
pyen  off  from  the  heart 

Delicate  trianffular  sheets  of  rooscular  fibre,  the  alary 
mmeks^  are  attached  in  pairs  by  their  bases  to  the  waJl  of 
the  pericardial  chamber,  while  their  apices  are  inserted  into 
the  hypodermis.  They  occupy  the  interspacea  left  by  the 
principal  dorsal  branches  of  the  tracheee,  which  form  arches  on 
each  side  of  the  heart. 

From  the  inner  £sce  of  the  abdominal  wall,  processea  are 

Siven  off,  some  of  which  appear  to  hang  freely  into  the  ab- 
ominal  cavity,  while  others  accompany  the  numerous  tradiess 
which  pass  to  the  alimentary  canal.  When  the  abdominal 
cavity  is  laid  open,  its  inner  lining  has  a  villous  appearance, 
and  often  seems  to  be  full  of  free  granular  matter,  as  the  pro> 
cesses  very  readily  break  up  into  fragments.  The  substance 
which  thus  fills  up  the  interspace  between  the  parietes  of  the 
abdomen  and  the  contained  organs  is  the  corpus  adipotum. 
It  is  made  up  of  cells  often  so  arranged  as  to  form  a  network, 
and  it  usually  has  a  milk-white  color,  which  arises  partly  from 
the  air  contained  in  the  tracheae,  and  partly  from  innumerable, 
strongly  refracting  granules  contained  in  its  component  cells. 
There  are  ten  stigmata  on  each  side  of  the  body  of  JBlatta^ 
eight  in  the  abdomen,  and  two  in  the  thorax.  The  latter  are 
situated  between  the  protborax  and  mesothorax,  the  meso- 
thorax  and  the  metathorax,  respectively ;  above  the  attach- 
ment of  the  COX80  and  beneath  the  terga.  The  abdominal 
stigmata  lie  in  the  soft  integument  which  connects  the  sterna 
and  terga  of  the  somites.  All  the  stigmata  are  situated  in 
conical  thickened  elevations  of  the  integument.  The  thoracic 
stigmata  are  the  largest,  and  the  anterior  pair  have  a  distinctly 
two-lipped  aperture,  the  anterior  lip  being  notched  in  the  cen- 
tre. Tne  openings  of  the  abdominal  stigmata  are  more  oval, 
and  are  inclined  backward.  Immediately  within  each  stigma 
the  tracheal  trunk  into  which  it  opens  is  provided  with  a  val- 
vular arrangement,  by  which  the  passage  can  be  closed  or 
opened. 

>  Cornelius  ("  Beitrft|i^  zur  nAheren  Kenntniss  von  Ptriplanda  (iMto)  or^ 
mtoUf,**  1858)  found  that  the  pulsations  of  the  heart  couid  readily  be  observed 
in  BlaUa  which  had  reoentlj  undergone  eodysis.  Thev  were  as  flrequent  as 
eighty  in  the  minute ;  but  aUowanoe  must  be  made  for  the  disturbed  condition 
ox  the  insects  undev  obsenratioii. 
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The  large  tracheae  which  take  their  origin  from  these 
stigmata  immediately  divide  and  give  off  dorsal  and  ventral 
branches;  the  former  imite  in  a  series  of  arches  on  each 
side  of  the  heart,  while,  on  the  ventral  side,  the  branches 
are  connected  by  trunks  which  run  parallel  with  the  abdominal 
ganglia.  Large  tracheae  pass  from  the  anterior  thoracic  stigma 
through  the  neck  into  the  head,  and,  in  the  abdomen,  the  vis- 
cera receive  an  abundant  supply  of  air-tubes. 


C---3 


Fio.  lOO.—BlaUa  orientali$.—C,  the  brain  wilh  the  antennary  (a)  and  optic  (6) 
nenren ;  c, «,  /  g^  A,  Btomato-gagtric  nenree.  B^  the  anterior  end  of  the  gnllet. 
i4,  the  crop.    Z>,  the  gtzsard. 

The  lobes  of  the  corpus  adiposum  are  also  plentifully 
supplied  with  trachese,  while  fine  trunks  enter  the  substance 
of  the  ganglia  and  nerves  and  there  ramify.  Tracheae  accom- 
pany the  nervures  of  the  wings  and  are  abundantly  distrib- 
uted to  the  muscles. 

The  nervous  systeov  consists  of  the  supra-oesophageal 
ganglia  (Fig.  100,  A)^  commonly  termed  the  brain,  united  by 
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(liirk  And  short  commissures  with  an  infra-cesoplia^al  gan- 
^tionio  mass,  situated  in  the  head;  of  three  pairs  of  large 
otiali'Mivd  ^nji^lia  in  the  thorax,  one  for  the  prot borax,  one 
for  the  moRotliorax,  and  one  for  the  metathoraz;  of  six  pairs 
of  olosot y-united  smaller  ganglia  in  the  abdomen  ;  and  of  a 
H(*t  of  visceral  or  8tomat(hgaBtric  nerves.     The  several  pain 
of  thoracic  and  alxloniinal  ganglia  arc  united  bj  double  com- 
missurnl  conls.     In  the  males  the  commissures  which  unite 
i\\\}  abdominal  ganglia  are  not  straight,  but  are  bent,  as  if  it 
wcro  nccilful  to  make  allowance  for  the  possible  elongation 
f)f  X\\\}  abdomen.     The  supra-ofsophageal  ganglia  give  off  the 
niTV(*s  Xo  the  antenna*  from  their  antero-lateral  angles;  while 
their  ]>o8tero-lntcral  angles  arc  produced  into  the  great  optic 
ncrvcM.     A1h>vc  the  margin  of  each  antennary  nenre  there  is 
n  Htnall  roundtMl  tubercle  which  is  in  immediate  relation  with 
the  nilverv  ]uitoh  whicli  shines  through  the  fenestra  on  the 
inner  side  of  the  antennary  fossa.     Beneath  this  tubercle, 
nnil  on  tlu*  inner  side  of  the  antennary  nerve,  arises  the  root 
f>f  the  stomato-gastrio  system  of  nerves.     Each  root  passes 
forward  for  a  short  distance,  then  turns  inward,  and  in  the 
nnddle  line  enters  a  heart-shaped  ganglion  situated  on  the 
gullet  (Kig.  1(U\  e)-     Krom  this  a  median  cord  passes  back- 
ward boneath  tlie  brain  and  entt^rs  a  ganglion,  which  is  con- 
luM'tiMJ  on  each  side  with  two  others  (e^  e).    The  continuation 
i»r  the  median  cord  passes  back  along  the  tergal  wall  of  the 
•  emiphagiis,  and  where   this  begins  to  dilate  into  the  crop 
«MidM    in    a   small    triangular   ganglion    (y),    whence    lateral 
l»rMnehi»s  are  given  off,  which  can   be  traced  as   far  as  the 
gi/./ard. 

'Hip  exact  form  and  arrangement  of  the  male  organ  of 
genoration  has  <inly  reivntly  been  made  out.  The  most  con- 
HpieiiouM  <»f  th(»st»  organs  is  a  mushroom-shaped  gland  {Fig, 
IH»,  t)  composed  of  a  gn^at  number  of  short  caeca  attached  to 
\\\o  p\t remit V  of  the  also  very  short  vas  deferens.  It  is 
lodged  in  the  hinder  i»nd  of  the  abdomen,  and  covers  the 
posterior  abdominal  ganglion.  The  contents  of  the  caeca  are 
viscid,  granular,  and  usually  brilliantly  white.  The  anterior 
end  of  the  vas  deferens  is  dilated,  and  the  caeca  are  arranged 
in  two  gnnips  which  open  into  each  side  of  the  dilatation. 
Tin*  conlents  of  the  vas  deferens  are  also  white  and  viscid, 
and  evid(»ntly  ccmsist  in  great  measure  of  the  secretion  of 
the  cneca.  In  the  adult  male,  however,  innumerable  spcrraa- 
toasoa  with  straight  rod-like  heads,  and  long  flagella,  are  to  be 
found  intermingled  with  the  contents  of  the  vas  deferens  and 
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its  dilatation.  On  the  sternal  side  of  the  musdroom-shaped 
gland,  between  it  and  the  last  abdominal  ganglion,  there  is 
an  accessory  gland  composed  of  dichotomous  monilated  tubes, 
lined  by  a  columnar  epithelium,  all  bound  together  by  a  com- 
mon investment  into  a  flattened  elongated  mass. 

As  the  duct  of  the  mushroom-shaped  gland  in  the  adult 
male  always  contains  spermatozoa,  and  no  other  organ  con- 
taining spermatozoa  is  to  be  found,  this  gland  has  naturally 
been  taken  for  the  testis.  Rajewsky,'  however,  has  recently 
pointed  out  that  the  true  testes  are  situated  in  the  tergal 
region  of  the  abdomen,  and  that  they  may  be  found  in  this 
region  in  the  young  and  yet  wingless  males,  though  they  are 
much  obscured  by  the  corpus  adiposum  which  invests  them. 
He  traces  the  efferent  duct  of  the  testis  to  the  glands  just 
mentioned.  In  the  adult  male  the  testes  atrophy,  and  are 
hardly  to  be  discovered  among  the  masses  of  the  corpus  adi- 
posum. I  have  found  the  testes  in  the  young  males  in  the 
position  assigned  to  them  by  Rajewsky.  They  consist  of 
numerous  oval  or  pyrif  orm  sacs  attached  by  short  pedicles  to 
a  common  duct. 

The  ovaries  (Fig.  101)  are  two  groups  of  eight  tubes,  sit- 
uated on  each  side  of  the  hinder  half  of  the  abdomen.  The 
ovarian  tubes,  or  ovarioles^  of  each  group  communicate  with 
a  short  oviduct,  which  soon  unites  with  its  fellow  in  the  mid- 
dle line  and  opens  externally  by  the  very  short  and  wide 
vagina.  The  finely  tapering  anterior  ends  of  the  ovarioles 
of  each  side  are  continued  forward  by  delicate  cellular  pro- 
longations. These  finally  unite  together  into  one  long  fila- 
ment, which  can  be  traced  for  some  distance  forward  among 
the  lobes  of  the  corpus  adiposum.  It  is  a  cellular  cord,  which 
appears  to  bo  nothing  but  a  process  of  the  mesoderm.  Nu- 
merous nucleated  cells,  from  some  of  which  the  ova  take  their 
origin,  while  others  remain  as  interstitial  cells,  which  are 
eventually  converted  into  an  epithelium,  make  up  the  sub- 
stance of  the  slender  anterior  terminations  of  the  ovarioles. 
The  ova  situated  behind  these  enlarge,  and  become  disposed 
in  a  single  series.  Further  on,  the  epithelial  cells  form  a  thick 
stratum  round  each  egg,  and  possibly  assist  in  the  formation 
of  the  large  vitellus  with  which  it  is  ultimately  provided.  As 
the  egg  advances  toward  maturity,  the  vitellus  acquires  first 
a  finely  and  then  a  coarsely  granular  structure,  and  the  ger- 
minal vesicle  and  spot,  previously  conspipuous,  are  no  longer 

>  nofmann  and  Schwolbe,  "  Jahrosborlcht,''  1875.    The  original  paper  is 
in  Russian,  and  I  havo  not  seen  it. 


iliHinl  iinii'uaM  i*  Kivun  off.  It  has  a  tltick  chitinous  lining  and 
II  iiiiiiniiliir  Innintnmut,  nod  is  the  fpertnalheca.  Behind  it 
nrv  two  InrK",  rniiitfiod,  tubular  coUeterial  glands,  which  prob- 
hIiIj*  ir'vc  riwi  t<:i  th'i  substniico  of  which  the  BfrgKtsse  is 
fi)riiirHl.  Tht^ir  nDnjniiicHl  thtcta  opon  behind  the  spermatheea. 
Tilt!  ctfl^  niv  iimliiAciI,  eixteeo  together,  in  strong  cnpsulea 
iif  n  lictriiy  nou*iateiicjr,  Hlinpetl  somewhat  like  a  oigar>case, 
Hlid  proMi'iititig  rt  l(iii)[itiidinal  slit,  the  raised  and  sermted  edges 
iif  wliioh  uro  elriNdlv  applied  to  one  another.  It  is  tfaroujih 
lliU  Hilt  thnt  (lie  fiillvHlovnlopod  youufir  make  their  ejciL     "Hie 

rnttiiin  niii^-Niitli  n(  an  inch  in  Icnf^th.  Each  has  its  own 
but  tmiRli  brownish  shell,  the  surrsce  of  which  is  beauti- 
^lUy  iimnineiitctl  with  hoxn^jronal  patches  of  minute  tubercles. 
Th"V  «f"  nrmnpcil  pnrnllol  with  one  another  in  two  opposite 
aorloo,  one  scrieH  occupyinf;  each  half  of  the  case.  The  eggs, 
mU)ilinir  themselves  to  the  form  of  the  case,  are  convex  out- 
Wftnl  and  concave  innard,  and  thus,  though  their  ends  touch, 
t  WwUiui  space  Is  left  between  the  two  seta.  The  inner  eon- 
WV1>  f«ww  of  the  cpg  is  that  on  which  the  sternal  face  of  the 
OWlwyi)  I*  sitiialc).     The  female  carries  the  egg-case  about 
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for  a  week  or  more,  before  depositing  it.  The  young  leave 
the  eggs  as  minute  active  insects,  colorless,  except  for  the 
large  dark  eyes.  Before  they  are  hatched  they  acquire  eyes, 
antennae,  gnatbites,  legs,  and  short  cerci,  which  differ  only  in 
detail  from  those  of  the  perfect  JBlatta^  into  which  the  larva 
passes  by  successive  ecdyses.  According  to  Cornelius  {l.  c, 
p.  29),  the  Cockroach  undergoes  seven  ecdyses  :  the  first  im- 
mediately pn  leaving  the  egg^  the  second  a  month  later. 
After  the  second  ecdysis  the  insect  sheds  its  skin  only  once 
a  year  ;  so  that  it  attains  its  adult  condition  only  in  its  fifth 
summer.  The  chitinous  cuticula  splits  along  the  median  line 
of  the  tergal  aspect  of  the  head,  thorax,  and  abdomen,  before 
it  is  cast. 

Thus  the  Cockroach  is  said  to  be  an  insect  without  meta- 
morphosis. For  although  the  male,  in  the  later  stages  of  its 
growth,  acquires  wings,  and  thus  does  become  very  sensibly 
metamorphosed  from  a  merely  cursorial  animal  to  one  which 
has,  at  any  rate,  the  capacity  for  flight,  there  is  no  period  in 
the  life  of  this  insect  in  which  the  larva  passes  into  a  resting 
condition,  during  which  it  takes  no  food,  and  in  the  course  of 
which  it  develops  its  wings.  In  other  words,  the  Cockroach 
passes  through  no  pupa-stSLte,  which  the  insect  enters  as  a 
larva,  and  leaves  as  an  imago,  such  as  is  so  well  known  to 
occur  in  the  course  of  the  development  of  Moths  and  Butter- 
flies. The  term  metamorphosis,  in  its  technical  entomologi- 
cal sense,  is  applied  only  to  that  succession  of  changes  of 
which  such  a  definite  pupal  condition  forms  the  middle  term. 

It  is  obvious  that  a  metamorphosis,  in  this  sense,  is  a  sec- 
ondary complication  superinduced  upon  the  direct  and  grad- 
ual process  of  development  exhibited  by  such  insects  as  the 
Cockroach;*  and  that  the  Metabolay  as  insects  having  a 
metamorphosis  are  termed,  are,  so  far,  more  differentiated 
than  the  Ametabola,  or  those  which  have  no  metamorphosis. 
Again,  in  each  of  these  divisions  it  is  clear  that  the  insects 
which  never  possess  wings  are  less  differentiated,  or  more 
embryonic,  than  those  which  are  winged.  And,  finally,  insects 
with  the  parts  of  the  mouth  in  the  condition  of  ordinary 
gnathites  are  less  differentiated  than   those  in  which   such 

>  Sir  John  Lubbock  has  shown  that  the  young  Chlo?on  (Fphffnfra)  dimidi* 
tttum  undergoes  more  than  twenty  ecdysefl,  each  accompanied  by  a  slight 
change  of  form  in  ita  passage  to  the  adult  state.  (^^  Transactionfl  of  the  Lin- 
xuean  Sodety,"  1863.) 
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Inathitei  are  ohanged  in  form  ftod  fimctkwi, 
ueiit. 
Tho  tnieoti  whioh,  in  this  view  of  tlieir 


Fio.  \O^.^Oampodia  ittiphylinui,  one  of  the  Thysattura  (after  Lobboek).* 

lations,  occupy  tho  lowest  position  in  the  group,  are  the  Cot- 
lembola  and  Thf/sanuray  the  Mallophaga,  and  the  I^ieU" 
lina^  inasmuch  as  they  possess  no  trace  of  wings  and  undeigo 
no  metamorphosis. 

Tho  CoUemhola  and  Thysanura  undergo  no  metamorpho* 
sis,  and  are  always  wingless.  The  abdomen  contains  six  s^^- 
ments  only  in  the  CoUemhola  (Podura^  SmynthuntSy  Tofno- 
cero8)y  in  which  group  the  mouth  is  usually  provided  witli 
mandibles  and  maxillae,  though  these,  instead  of  being  artic- 
ulated with  the  sides  of  the  head,  are  capable  of  being  re- 
tracted into  its  interior.*  In  the  genus  Anoma  the  mouth  is 
suctorial 

I  ^'Honogrtph  on  Hba  (httembola  and  7%yMiiitin»,*'  pL  liiL 
*  Iltid.^  p.  ST. 
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The  Thyaanura  {Lepiama^  Campodea,  Japyx)  resemble 
the  young  jBlattce.  They  have  ten  well-marked  abdominal  so- 
mites ( Campodea^  Fig.  102),  and  the  gnathites  conform  to 
the  mandibulate  type.  The  abdomen  in  Machetes  has  a  pair 
of  elongated  cylindrical  appendages  attached  to  every  seg- 
ment except  the  first ;  while  Campodea  and  Japyx  have  seven 
pairs  of  such  abdominal  appendages.' 

The  CoUemhola  are  provided  with  a  curious  tube  or  sucker, 
which  is  attached  to  the  sternum  of  the  first  abdominal  so- 
mite, and  gives  exit  to  a  glandular  process,  which  secretes  a 
viscid  matter.  Most  of  the  insects  belonging  to  this  group 
possess  a  curiously-contrived  "  spring  and  catch  "  attached  to 
the  sternal  region  of  the  penultimate  or  antepenultimate  so- 
mites of  the  abdomen,  by  the  help  of  which  they  execute  their 
vigorous  leaps. 

Sir  John  Lubbock  could  find  no  trace  of  tracheae  in  any  of 
the  CoUemhola  except  Smynthurua^  though  they  are  easily 
seen  in  many  of  the  Thyaanura.  According  to  the  same  au- 
thority, Lepisma  has  four  Malpighian  tubes,  while  Campo^ 
dea^  JapyXy  and  many  CoUemhola^  have  none. 

The  Mallophaga  are  parasites  upon  mammals  and  birds, 
on  the  hairs  and  feathers  of  which  they  feed.  The  head  and 
body  are  depressed,  the  eyes  simple,  the  gnathites  of  the  mas- 
ticatory type.    The  abdomen  has  nine  or  ten  visible  segments. 

The  Pediculinay  or  Lice,  subsist  upon  the  blood  of  the 
mammals  on  which  they  are  parasites.  The  gnatliites  are 
converted  into  a  piercing  and  sucking  apparatus.  The  under- 
side of  the  head  presents  a  soft  protrusible  proboscis,  pro- 
vided-externally  with  minute  homy  hooks,  and  traversed  by 
a  canal  which  leads  into  the  oesophagus.  The  proboscis  in- 
closes two  grooved  chitinous  styles,  which  are  applied  to- 
gether by  their  concave  sides ;  and,  within  the  sheath  thus 
formed,  lie  two  finely-pointed  chitinous  setae,  which  can  be 
moved  up.  and  down  in  the  sheath.* 

The  proboscis  is,  in  all  probability,  formed  by  the  union 
of  the  labrum  with  the  second  pair  of  maxillse,  while  the  two 
halves  of  the  horny  sheath  arc  the  mandibles,  and  the  setse, 
the  first  maxillse.     Tlie  prothorax,  mesothorax,  and  meta- 

1  The  mvriapod  Scolopendrilla  has  similar  appendages  attaohed  to  each 
segment  along  with  legs.    (Lubbook,  I,  c) 

*  Gerstfeldt,  **  Ueber  ^e  Mundtheile  der  saugenden  Insecten,"  1853. 
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thomx  ftre  hudly  distingoubabl^  and  th« 

▼blbla  aegmests. 


'['lio  Orthoptera  (Fig.  103)  and  the  Semijdtra  (Fig,  104) 
%n  miiotaliuloui.  Thu  m&joritj  hKve  two  pairs  of  Bunilar  or 
Uioru  or  IfSB  disBitnilar  wings  in  the  adult  state,  and  in  thr 
aplnroiii  forma  it  is  probable  that  the  wings  ar«  aborted,  not 
typically  absent.  In  the  Orthoptera'  (the  Termites,  Codt- 
lOaoLoa,  Grasshoppers,  Crickets,  Day-flies,  DragoD-fliea,  and 


Fla.  lOL— ^pMipriorpMitl-   AptMOVi  •gtmogenetlc  Ibrm. 

Earwigs)  the  mouth  is  construoted  upon  the  same  plan  as 
that  of  ^toKa  ;  but  the  Phytopoda  or  7%y»anoptera  ( Thripa 

■  The  TSvMiiiira  ind  the  PItyupeda  ere  often  noited  with  the  OHhopUra 
In  modem  dueiflotlonJ,  whUa  the  ^lumwidtt  and  LIMMidm  wed  to  b* 
amogad  with  the  SturepUru. 
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and  its  allies),  small  winged  insects  which  live  chiefly  in  flow- 
ers, present  a  modification  which  is  transitional  to  the  Hemip- 
teran  mouth  (Glerstfeldt,  /.  c).  There  is  a  proboscis  directed 
backward  and  formed  hy  the  union  of  the  labrum  with  the 
labium,  which  last  is  provided  with  palps,  though  they  are 
eometinies  very  small.  The  maxillee  are  palpigerona,  and  are 
united  at  their  bases  with  the  labium.  The  mandibles  are 
styliform  setie  inclosed  in  the  proboscis. 

In  the  Semiptera,^  all  of  which  suck  the  blood  of  animals 
or  the  juices  of  plants  (Bugs,  Plant-lice,  Cicadce),  wings 
may  be  present  or  absent,  and  the  eyes  are  usually  compound. 
The  visible  abdominal  somites  may  be  reduced  to  sis.  The 
gnathites  are  modified  to  form  a  piercing  and  suctorial  appa- 
ratus, which  is  similar,  in  many  respects,  to  that  of  the  Pedi- 
culina.  There  is  a  usually  sharp  and  pointed  labrum,  while 
the  mandibles  and  maxillae  are  mere  tubercles,  surmounted 
by  long  chitinous  pointed  styles,  of  which,  therefore,  there  are 
four.  The  labium  is  usually  represented  by  a  median,- jointed, 
fleshy,  elongated  body,  the  anterior  face  of  which  presents  s 
longitudinal  groove  in  which  the  mandibles  and  maxilhe  are 
inclosed.  Neither  the  maxilhe  nor  the  labium  are  provided 
with  palps. 

Thus,  in  the  series  of  ametabolous  insects  there  are  some 
with  raaaticatory,  others  with  suctorial,  mouths.     It  is  by  no 


Fia,  tK.—BniirophUiu  pletiu.—A.  l«m.    B.  Popl.   0.  Imlgo.  {"H*f[in  AolmiL") 

means  clear  that  the  gnathites  of  the  suctorial  mouth  of  the 
Semiplera  are  to  be  regarded  as  modifications  of  masticatory 


866        THB  ANATOMT  OF  INTSRTBBRATKD  AMUAUL 

gnathites  of  the  type  exhibited  bj  the  Orihopieroi  The 
absence  of  palps  is  a  very  significant  fiict^  BoggesUng'  ibaft 
die  Heroipteran  mouth  is  the  extreme  tenn  of  m  seriea  of 
modifications  for  the  commencement  of  which  we  must  go 
back  to  the  Myriapoda. 

The  metabolous  Coleaptera^  or  Beetles  (Fig.  105),  have 
masticatory  mouths  of  the  same  general  type  aa  those  of  the 
OrthopUra  ;  with  which  ihej  are  closely  connected  through 
the  Earwigs.  The  two  constituents  of  the  labium  are,  how 
ever,  much  more  completely  confluent  than  in  the  Orihopiera. 
There  are  usually  two  pairs  of  wings,  the  anterior  pair  being 
converted  into  stiff  horny  elytra ;  these  take  no  part  in  the 
act  of  flight,  but  serve  as  covers  to  the  raetathoracic  wii^s, 
which,  in  the  state  of  rest,  are  folded  up  beneath  themu  l%e 
number  of  apparent  somites  of  the  abdomen  is  often  much 
reduced.  In  the  metabolous  JVeuroptera  (Ant-lions,  Oaddis- 
flics,  Soorpion-flies),  in  some  of  whicn  the  insect  is  more  or 
less  active  (iuring  the  pupa-state,  the  (mrts  of  the  mouth  are, 
for  the  most  part,  very  similar  to  those  of  the  OrthopUrcu 
In  two  groups  of  JSTeuroptera^  however,  the  mouth  becomes 
suctorial.  Thus,  in  the  Trichopteraj  or  Caddis-flies,  the  labrum 
is  elongated  and  grooved  posteriorly ;  the  mandibles  are 
aborted,  the  bases  of  all  the  gnathites  are  united,  and  the 
labrum  is  a  spoon-shaped  body.  In  the  Scorpion-flies  (.^- 
norpind)  there  is,  according  to  Gerstfcldt,  a  proboscis  formed 
in  front  by  the  eloncrated  clypcus  and  labrum,  and  behind  by 
the  coalesced  maxiUse.  The  mandibles  are  small,  and  the 
first  maxillas  much  elongated.  The  ordinary  four  palps  are 
present. 

The  Neuroptera  have  two  pairs  of  wings  of  a  delicate 
reticulated  structure.  The  metathoracic  wings  may  or  may 
not  be  folded. 

What  appears  to  be  a  further  development  of  this  type 
of  mouth  is  found  in  the  Lepidoptera  (Butterflies  and  Moths). 
The  labrum  and  the  mandibles  abort,  and  the  labium  is  rep- 
resented only  by  a  triangular  plate  which  bears  two  large 
|>alps.  On  the  other  hand,  the  maxillse,  the  palps  of  which 
are  always  very  small,  are  often  immensely  elongated  and 
applied  together  by  their  channeled  inner  faces,  thus  consti- 
tuting a  sucking  proboscis  (Figs.  106, 107).  The  wings,  siVni- 
lar  in  character,  and  covered  with  minute  scales,  are  rarely 
absent.     Both  pairs  are  used  in  fli^rht. 

In  the  metabolous  DipUra  (Flics-  and  Fleas,  Fig,  108) 
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the  mouth  is  constructecl  apon  the  Baioe  plan  as  that  of  the 
ffemiptera,  so  far  as  the  conversion  of  tne  labium  into  an 
organ  of  suction  is  concerned  ;  but  usually  the  metamorpho- 
sis of  the  gnathites  is  carried  still  further,  and  the  maxillffi 
have  palps.  Thus,  in  the  Fleas,  which  are  parasitic  on  mam- 
mals and  birds,  what  appears  to  be  the  labrum  is  an  elon- 
gated, slender  style,  which  lies  between  the  two  elongated 
mandibles.  The  first  maxills  are  broad  triangular  plates, 
each  with  a  four-jointed  palp.  The  second  maxOlfe  (labium) 
are  represented  by  a  abort  median  lamella,  which  bounds  the 


ETlo.  inL— Th«  head.  A, 

ii»:  S.  epicninloni;    ,    .._  ...  ... 

mtxilla  :  A.  mulliarr  pilpu ;  k. 

miiidlblm  ind  Isbmm.    C,  Uten 
Pia.IOT.— Fanamjoiatonia.    ' 


nd  parti  oftbe  nonlh,  B.  C.  et  ^Uia  Hfurtri, — a.  >Dten> 
cornea;  a,  cWpeiis  poaterlor;  a.  labium;/.  manrtlMe:  a, 
... 1  .......  — .-„.    B,  b»M  of  the  miilllw  wlUi  tfia 


miuclea;  b,  canal;  e,  pipUlv;  d,  hooki  nhlch}^ 
mo  nmxiJiiB. 

mouth  behind,  and  is  provided  with  two  long  palps,  which, 
resemble  knife-blades,  and  are  imperfectly  divided  into  four 
joints.  The  three  somites  of  the  thorax  are  distinct,  and  the 
two  hinder  ones  have  lamellar  appendages,  which  possibly 
represent  wings.     The  abdomen  has  ten  somites.' 

In  those  dipterous  insects  which  are  tenned  Pttpipara^ 
whicb  are  apterous,  or  Dearly  so,  and  parasitio  upon  mam- 
'  8*t  L.  Landoit,  "  Anatomla  daa  HimdefloliM,"  1S6A. 
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mals,  birds,  and  bee*,  a  circular  wall,  or  abort  ^ 
vpntn  tlio  other  parts  of  the  mouth.  Theie  mie,  fint»  two 
lateral,  ])rotrusible,  homy  plates ;  seoondlj,  an  anterkM-  and  a 
posterior  s(»ta ;  the  latter  stronger,  aod  grooved  loog^todiiially 
in  front.  ]k*twccn  these  is  a  single  fine  aeU.  CientleUt 
oonsidors  that  the  last  answers  to  the  hjpophazTiix ;  the 
seoond  pair,  to  the  labnim  and  the  second  maxillm  ;  the  fint 
pair,  to  the  first  maxill®  ;  and  that  there  are  no  mandiblea. 


Ttu.\(»,-S^rphutrib$Hi.-K.LtLmi,   B-Papa.    C.  ImaffO.    C R^SM  AnlmaL^) 

The  onliiiiirv  Piptrra^  which  possess  one  pair  of  functional 
wings  at(nol)(Mi  to  the  mesothorax,  resemble  the  JBkmiptera 


Fio.  \^.—KHttnii*  fior«u$.—4,  front  of  the  head:  <•.  labnim;  /,  mandible ;  g.  maxilla 
and  iialniin  ;  tf,  labium  ;  <*,  cxtremUy  of  the  labium  separately  and  more  miiflmi- 
fl<Ml ;  **f,  Inner  Btirfare  of  the  paraglo«UB  ;  ***i.  the  rows  of  hairs  on  the  Inner 
•nrraco ;  /,  the  llffuli^ ;  fi^%  the  cardo  and  snbmentam.    (After  Newport) 

in  possossinp:  a  usually  fleshy  proboscis,  often  tumid  at  its 
extremity,  which  is  formed  by  the  confluent  second  maxillas. 
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As  in  Semiptera,  also,  the  labrum  is  a  more  or  less  elongated 
pointed  plate,  and  the  mandibles  and  maxiUse  are  usually  ter> 
minated  by  chitinous  cutting  setae  (Fig.  109).  But  the  bases 
of  these  parts  are  constantly  united  together;  there  is  a  pair 
of  maxillary  palpi,  and  often  a  median,  more  or  less  styliform 
structure,  usually  considered  to  be  the  hypopharynx.  It 
seems  doubtful,  however,  whether  this  may  not  be  formed  by 
the  coalesced  terminations  of  the  maxillfe.  In  the  common 
House-fly,  the  labruoi,  mandibles,  and  maxillfe  coalesce  at 
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their  origins  to  constitute  the  base  of  the  proboscis,  which  is 
mainly  formed  by  the  confluent  second  ma^lEB.    Its  longitu- 
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rr  • -r*-;:  aM'^nn:  fa-^  i*  rrmimnr  rrr  the  eloncvxed  stt- 
«.:^run.     Ttr  rna:iiir?»r  iter:  Maiibh  uhnosi  tl^  exnvice 

7":::-.l'.  t:r  m-;..ir'  iiau-  S\/rttntny»rr^a.  with,  nsxs&iir.  two 
}»;*:r.  r-  ii-;.LVLf-i  f-uii^-it'rfei  irinr-i.  uresexit  h.  series  of  codifi- 
iui:  i .  iii '  r   .".   I :  r  f •?.*.!"  iiii;*  i  • "  nui ^i i  rai  nrr  m  nxnij  cd  iti^  Ants  to 

ni.^;:;:.  >^  •:  ii-  ir  m-''  titi  u.  in*  Iv.*fra.  li.  ihe  ifiner  (Fig. 
1.  '    ".ir    :iin'"::n   ;r  .--r'.:i:  :  lyiv^iiri    h.  :.  mpdiar  fiesJav  jobe — 

til*  '7' >'//^""//''.."» -T'TiiiLiir^  :ji-  niiiiHif  ur^rrrurt  cJ  ibe  rcoiiih. 

Tu:  nj:i:di;ii:-.'  nr-.  suiiiii:.  v. i:i  wjcii.  nin^ns?  an."»OTi-sbaped, 
«:::"••  T..  11 J--L  Tii?  :^jir:  (i;  T:if  im^xilji.  vi:icL  appear?  lo  in- 
Fv*':  -. .  Ill-  /iv./wf  jx  Itiat'C  t  snr.poc  jik^  a  knife-Made, 
lii.L  ]  icir  i::in:  iiif  s'oii:  ^y/iwv  iitf  a  cJu5T»-irr.i:e  in  its 
iii^ii^j-  Tii'.  stj  »-:  uiiL  :;ini:»>:  -iifjunprtarr  niJp  is  artacfced 
i:  ::ii  *  r.-^i-nw '  :■:  ii'f  s:ipf*s.  Tiif  ra'^diftrf  hre  lone  and 
bi"!i.i"T.  MIL  r"'^  r;s'  T  L  iiixitr^jiiHi'i.  wbrrebT  ibe  maxilix 
i.:j-  ::.:i.  in  -^r.  :*'  •  i.-i---  r-j.-'L.  .ii:f  l  .?L.r"ir.rf-*;:fp.  urder  the 
ii--:i:.      Ti".  r.":::::!    :r    .:.-r":    "ri^   ~;j/:»i:..  :»!.::*  j.Tiir  a r^vi  slen- 

n-'-iL:..  Mil  ..::.■:••..  >■"■>■.  ■ ;« .  ;:i::~i.-:..  irjrL:.  pr:».'^f"e is,  which 
*'::k'  r-.; >'"•.•>:•:  :f  :^f  ..:.j*4:i*.  :i:  :•>  i.r  .:■:!•:  :ifr.i£'vi.i  prc-:cn^- 
ti'-'i  *  ::i^  !.£..;:.  Y ,.:*:. i:\:ii.i.-i ,  ;:.:>  :.rraz  if  :*  i:'!L£T:e,  and 
*:•:  u*. '--f  :;;-  :•":-  :  .;.:  ;.;  ;:if  :::':t  on  nhicr.  :i  fer::s.  The 
E. L li  iJ  •  'J ^^  L :» i   rr.L X . . :.T  t r^    f  r.  r- -r  Vi •£  :. «  :  j :: :r.i:  arid  r^odel- 

-  •  m- 
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T^'j  •  ET-  ••  ■ ':  : :  --5  t  r-  •; ;  ':•  •:-  ttj  :•  ■- :  r.  l rr  s ":  • :  r: :  r c-  :  r.  ? :  ie e  insects, 
a?  i:.'-  L>..y- ?:>?',  Trr.ich  likv  la:  *':•:•".  :v.  :":  -:  ri.'.iil:  condition. 
'J *h'r  o •'.  V •:  i  :  rr.  er- 1  r.f  :  :j o  'i . :::- re  r. ;  .:: v :> ; .  r s  c  f  i h  e  aiimont  arv 
caiiSi]  vir '.-^  ;rrf-a:".v.  ^^i^!T^irv  j:'.ii^is  are  Ten'  generally 
jyn:s.<:jjT.  Jr;  Tr»anT  sjoTC'riftl  insf-cis.  iLo  ivpiuvirs  is  a  sac 
oj>«;fiiij;r  by  a  Jon;.*'  duct  into  tho  culiei  ;  a  distinct  proven- 
I.J j'liiUfi,  pfovid'rd  wi:h  c}jil!n<«i]s  ri.ij^cs,  maT  be  present  or 
ulfh'rfjf.  'Hit;  ventricuiu.s  appears  to  be  always  devoid  of  an 
in  HIT  ruii'uia.  It  rnav  be  devoid  of  cwca  or  beset  with  short 
(iirrii  iliioij;/lioiit  its  whole  extr-nt.  The  number  of  the  Mai- 
|iigliiiih  tiili'r.s,  which  arc  sometimes  branched,  varies  from  two 
ill  u  iiiiilliLijdff,  In  many  cases  they  have  been  found  to  con- 
Uiwi  uiir.  arid ;  })ni  no  biliary  mattor  has  yet  been  proved  to 
oxibt  ill  thi'iit.  Anal  glands  are  frequently  appended  to  the 
loiiitinatiiiu  tif  the  rectum,  and  may  secrete  an  acrid  or  stink- 
iik^  Uuul. 
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In  some  larvae  {Myrmecoleo^  Ih/tiscus)  there  is  no  proper 
median  oral  aperture,  but  canals  which  open  on  the  extremi- 
ties of  the  mandibles  lead  into  the  oesophagus.  The  alimen- 
tary canal  has  no  posterior  opening  in  the  larvae  of  many 
Hymenoptera^  of  Myrmecoleo^  and  of  the  Ihipipara.  The 
salivary  glands  secrete  the  silken  n^terial  in  which  the  larvae 
of  the  Lepidoptera  invest  themselves  ;  while,  in  Myrmecoleo 
and  the  JSemerobicke,  it  is  the  rectum  which  furnishes  the  silk. 

The  poison  of  the  Hymenoptera  is  a  fluid  strongly  im- 
pregnated with  formic  acid,  which  is  secreted  by  a  special 
gland  and  poured  into  a  reservoir  connected  with  the  sting. 

In  many  winged  insects  both  pairs  of  wings  are  developed 
and  take  equal  shares  in  flight  (Hymenoptera^  Lepidoptera^ 
Neuroptera),  In  the  Coleoptera,  the  anterior  pair  are  con- 
verted into  horny  wing-covers  (elytra)^  and  the  posterior  pair, 
much  larger  than  the  anterior  and  folded  up  under  them  when 
the  insect  is  at  rest,  subserve  flight.  In  the  Dlptera  the  pos- 
terior wings  are  represented  only  by  short  processes,  the  nal- 
teres.  In  the  Strepsiptera,  on  the  other  hand,  it  is  the  ante- 
rior pair  of  wings  which  abort.  In  all  orders  of  winged  in- 
sects, individual  cases  of  complete  abortion  of  the  wings  oc- 
cur either  in  the  female  alone,  or  in  both  sexes. 

The  posterior  abdominal  somites  often  undergo  extensive 
modifications  ;  they  may  be  small  and  retracted  within  the 
anterior  somites,  or  they  may  even  become  more  or  less  com- 
pletely abortive.  In  many  insects,  processes  of  the  somites 
in  the  genital  region  of  the  females,  which  answer  to  the  go- 
napophyses  of  Blatta^  are  converted  into  organs  which  assist 
in  the  deposition  of  the  eggs,  and  are  termed  ovipositors. 
The  saws  of  the  Saw-flies  and  the  stings  of  other  Hymenop- 
tera are  to  be  regarded  as  specially  modified  ovipositors.  The 
laborious  and  thoughtful  investigations  of  Lacaze-Duthiers  * 
led  him  to  the  conclusion  that  all  these  organs  are  constructed 
upon  the  same  plan ;  that  they  are  developed  from  that  so- 
mite of  the  abdomen  which  lies  immediately  behind  the  open- 
ing of  the  vulva ;  that  this  opening  is  always  situated  be- 
tween the  eighth  and  the  ninth  somite ;  and  is  therefore 
separated  by  three  somites  (the  ninth,  tenth,  and  eleventh) 
from  the  anus. 

According  to  Lacaze-Duthiers,  in  those  insects  which  are 
provided  with  an  ovipositor,  saw,  or  sting,  the  ninth  somite 

1  **  Becherohefl  sur  rarmuTe  ff^nitale  femeUe  des  Inseotes.**  (^*  Annales  des 
Bdenoes  Nature11e^**  184^1858.) 
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always  consists  of  a  single  median  tergal  sderite,  to  the  in- 
ferior angles  of  which  are  connected  two  small  more  or  less 
triangular  pieces,  each  of  which  carries  a  long  stjrliforni  ap- 
pendage.    Tlicro  is  a  single  median  sclerite,  which  is  the  most 
important  part  of  the  boring  apparatus  ;  two  small  sderites 
are  united  with  the  lateral  angles  of  this  piece,  and  there  are 
two  otlirr  elongated  sderites  which   constitute   a  valFolar 
shoath,     Thu8,  according  to  Lacaze-Duthiers's  view,  in  the 
sting  of  Hombus  (Fig.  94)  A  is  one  of  the  elongated  lateral 
stomal  Holorito8,  which  with  its  fellow  forms  a  sheath  for  the 
rt)at  of  tho  ap^mratus  ;  f  is  the  median  sternal  sclerite  ;  it  is 
pointoil  and  grooved  on  its  sternal  surface ;  while  c,  one  of 
tho  lanocH,  is  a  process  of  the  tergal  half  of  the  somite.     E2ach 
lanoo  is  sharp  and  slender,  and  its  tergal  edge  fits  upon  the 
margin  of  the  groove  of  the  median  style,  in  such  a  manner 
as  to  bo  able  to  slide  backward  and  forward  upon  it.     The 
Mternal  edges  of  the  two  lances  meet  in  the  middle  line,  and, 
togetlier  with  the  median  sternal  piece,  inclose  a  canal  which 
serves  to  oimvoy  the  secretion  of  the  poison-gland  into  the 
wound  niado  by  tho  sting.     In  the  operation  of  stinging,  the 
median  piece  serves  as  a  sort  of  "  director"  for  the  two  lances. 
However,  recent  investigations  into  the  development  of 
stings  and  ovipositors,*  e.  g.,  the  sting  of  the  Hive-bee,  and 
of  tlie  Wnspand  tho  ovipositor  of  an  Ichneumon-fly  {Cryptus 
fHi'jfrafor)^  show  that  while  the  median  grooved  piece  and  the 
two  sheHth-pieoes  arise    from   papillse  developed   upon    the 
sternal  surface  of  tho  ninth  abdominal   somite  of  the  larva, 
the  Innees  are  tlie  result  of  the  metamorphosis  of  papillse 
seated  on  tho  stomal  surface  of  the  eighth  somite  ;  and  these 
papilla'  art>  so  similar  to  those  from  which  the  limbs  are  de- 
veloped, that  it  becomes  (to  say  the  least)  probable  that  they 
roprosont  true  appendages  of  the  somites  to  which  they  are 
attached,  rather  than  mere  modifications  of  the  sderites  of 
tho  botly-wall,  as  Ijacaze-Duthiers  supposed  them  to  be.     In 
like  manner,  the  examination  of  the  development  of  the  ovi- 
positor of  Locuata  viridissima  has  proved  that,  of  the  three 
pieces  of  which  each  half  of  it  is  composed,  two  are  developed 
from  the  sternum  of  the  ninth  and  one  from  that  of  the  eighth 
somite.     But  the  two  median  pieces  of  the  ninth  somite  do 

>  Kniopclin,  "  Unt«r8uchun<fcn  fiber  den  Ban,  Mechaniemus  uud  Entwicko- 
lunfrssreBcniohte  des  Stachols  der  bi«neitartif?en  Thicro"  (ZeiUekrift  /ftr  wiss. 
ZoolngU^  1873) ;  and  Dewitz,  '*  Ueber  Bau  und  Entwickelun^  des  Stachels  und 
der  L'ecrescheide  "  (ZnUchr^  fur  witt.  ZooloQi^^  1875).  S^«  also  the  observa- 
tions of  Packard,  *^  On  the  uevelopment  and  Position  of  the  Hymenopteim," 
1866i 
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not  uDite  together  to  form  a  single  piece  grooved  below,  as 
in  the  hymenopterous  sting  or  ovipositor.  And  observations 
which  I  have  made  on  the  development  of  the  gonapophjses 
of  Blatta  lead  me  to  the  conclusion  that  the  posterior  bifid 
pair  are  developed  from  the  ninth  and  the  anterior  curved 
pair  from  the  eighth  somite.  In  this  case  the  latter  will  be 
the  homologue  of  the  lances  of  the  Bee-sting. 

Thus  it  would  appear  that,  while  there  can  be  no  doubt  as 
to  the  general  unity  of  plan  of  ovipositors  and  stings,  the 
view  of  Lacaze-Duthiers  must  be  modiGed.  It  must  be  ad- 
mitted that  these  apparatuses  appertain  to  the  eighth  and 
ninth  somites,  and  not  to  the  ninth  alone ;  and  that  there  is 
much  reason  to  suspect  that  their  chief  constituent  parts  are 
modified  limbs. 

The  male  copulatory  organs  *  are  often  very  complicated, 
and  their  homologies  have  not  yet  been  fully  determined. 
Kraepelin  (/.  c),  who  has  examined  the  development  of  these 
parts  in  the  Drone,  and  the  modifications  found  in  hermaphro- 
dite Bees,  is  led  to  the  conclusion  that  they  are  developed 
from  the  eighth  and  ninth  somites  of  the  abdomen,  aiid  there- 
fore are  the  homologues  of  the  parts  of  the  sting  in  the  fe- 
male. In  the  male  Blattay  however,  it  is  obvious  that  the 
male  copulatory  apparatus  belongs  to  a  more  posterior  somite 
than  that  upon  which  the  female  gonapophyses  are  developed. 

The  heart  usually  has  the  form  of  a  flattened  tube,  closed  at 
its  posterior  end,  but,  in  front,  continued  into  the  aorta,  which 
may  be  traced  as  far  as  the  cerebral  ganglia,  and  appears  to 
give  off  no  branches.  The  sides  of  the  tube  present  slit-like 
openings  (ostia\  which  vary  in  number  from  two  to  nine  pairs ; 
and,  when  there  are  several  pairs,  each  pair  answers  to  a  so- 
mite of  the  abdomen.  The  margins  of  the  ostia  may  be  sim- 
ple, or  may  be  produced  inward  into  folds,  which  play  the  part 
of  valves.  Muscular  or  ligamentous  fibres  may  extend  from 
the  hjrpodermis  to  the  dorsal  aspect  of  the  heart,  and  serve  to 
suspend  it  in  place. 

The  alary  muscles,  which  in  most  insects  are  fan-shaped, 
and  lie  in  pairs,  opposite  one  another,  on  each  side  of  the 
heart,  either  unite  in  the  middle  line,  or  are  inserted  into  a 
sort  of  fascia,  on  the  sternal  aspect  of  the  heart,  to  which 
organ  they  are  not  directly  attached. 

»  The  male  L%beUuUd<B  possess  a  peculiar  copnlatoiy  apparatus  developed 
upon  the  sternum  of  the  second  abdominal  somite.  The  genital  aperture  has 
the  ordinary  position,  and  hence,  before  copulation,  the  xnale  has  to  bend  the 
extremity  of  his  abdomen  upward.  In  order  to  lo«d  this  appamtua  with  spermar 
tozoa. 
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The  septum  between  the  pericardial  cavity  and  tberei* 
oral  ciivity  of  the  abdomen  thus  formed  is  termed  by  Gnfaer' 
the  prricardifd  Aeptum.  From  their  anatomical  relatioU) 
thcnrforo,  the  alary  muscles  can  have  nothing  to  do  withtbe 
cliafttolo  of  the  heart,  the  pulsations  of  which,  indeed,  go  oo 
just  as  wo  11  when  the  alary  muscles  are  cut  throu^^  Grabcr 
throws  out  the  very  probable  suggestion  that  the  contractioi 
of  tlic  alary  muscles  causes  the  pericardial  septum  to  mon 
toward  the  axis  of  the  body,  and,  by  thus  enlargring'  the  caritr 
of  the  pericardium,  facilitates  the  flow  of  blood  to  the  ostiaoE 
the  heart.  The  same  investigator  ascribes  a  special  respirf 
tory  function  to  the  abundant  tracheae  which  are  distributed 
to  tho  walls  of  the  pericardium,  and  which,  undoubtedly,  mint 
tend  to  facilitate  the  aeration  of  the  returning  blood. 

In  many  insects,  a  septum,  provided  with  transverse  mw- 
cles,  overlies  the  abdominal  nerve-cord  and  separates  a  ven- 
tral blood  sinus,  in  which  the  cord  lies,  from  the  abdominal 
oavily.  Tiie  sinus  is  open  in  front,  and,  as  the  muscles  of  the 
Hi'ptuMi  roritract  rhythmically  from  before  backward,  they 
tiMi'l  to  drive  the  blood  which  enters  it  to  the  posterior  end 
of  tint  body. 

In  the  respiratory  system  of  insects  the  number  of  sti^ 
mat  a  is  observed  to  vary  from  one  to  ten  pairs.  As  a  rule, 
ni»n«;  aio  found  in  the  head,'  or  between  the  head  and  the 
lir.st  Ihoracie  somite,  and  they  are  usually  absent  from  the 
tiM'ininal  somiti»s  of  the  abdomen.  A  very  common  number 
ifi  iiinc  pairs;  the  first  b«Mng  situated  between  the  mesothorax 
and  tin*  Nn«l:itii(»rax,  and  the  rest  between  the  folio  wing' somites. 
Only  two  pairs  of  stigmata  are  found  in  the  Libellulidae  and 
h)t/it'itii'n'(iii\  and  tli(»y  are  seated  upon  the  thorax.  In  ATf/Mi 
iind  Uiimttra  there  is  only  one  pair  of  abdominal  stigmata, 
ill  addilion  to  those  in  the  thorax,  and  in  the  larvae  of  Tipu- 
IhliV  \\,\u\  of  Jlijdrophilus  the  stigmata  are  reduced  to  one 
Irriniinil  abdominal  pair.  The  stigmatic  openings  are  usually 
hittiatt'd  upon  the  sides  of  the  abdomen,  but  in  some  Coleoptera 
(«s  g.,  Di/thnus)  they  arc  dorsal,  and  in  many  Hemiptera  they 
lire  Hiluated  on  thf»  ventral  aspect  of  that  region  of  the  body. 
Kithrr  the  lips  of  the  stigmatic  aperture  itself,  or  the  walls 
of  th(*  tracheal  trunk  which  arises  from  it,  arc  so  disposed  as 

'  **l?.'l)ftr  <li!Ti  prnpiilnntioninchcn  Apnnrat  der  Inscctcn"  {ZdUfhrift  fur 
wiu.  XontngU^  IB73),  and  **  Uubor  den  pulairendcn  Baucheinus  der  Insecten  " 
(ibid.,  lH7ch. 

*  Sir  John  Lubbock  found  the  two  Bpiracles  of  Smynihurus  to  be  situated 
on  the  under  ude  of  the  head,  immediately  below  the  antenns. 


THE  RESPIRATORY  ORGANS  OF  INSECTS.  375 

to  constitute  an  occlusor  apparatus,  provided  with  a  muscle, 
by  the  contraction  of  which  communication  with  the  external 
air  can  be  cut  off.  This  occlusor  apparatus,  long  ago  de- 
scribed in  certain  insects  by  Strauss-Durckheim,  Newport, 
Burmeister,  Siebold,  and  others,  has  recently  been  specially 
investigated  by  Landois  and  Thelen,*  who  describe  it  as 
usually  consisting  of  four  essential  parts:  the  bow  (Ver- 
schlussbUgel),  the  lip  (Verschlussband),  the  lever  (Verschluss- 
hebel),  and  the  muscle.  The  bow  is  a  thickening  of  one-half 
of  the  circumference  of  the  chitinous  lining.  The  lip  is  formed 
by  the  other  half  of  the  circumference,  and  the  lever  is  a 
chitinous  process  connected  with  one  end  of  the  bow,  or  with 
the  lip.  When  the  lever  is  single,  the  muscle  which  is  at- 
tached to  it  passes  over  the  lip  and  is  inserted  into  the  oppo- 
site end  of  the  bow.  When  it  contracts,  it  therefore  presses 
the  lip  against  the  bow.  When  two  levers  are  present,  they 
are  attached  to  opposite  ends  of  the  lip  and  bow,  and  the 
muscle  extends  between  their  extremities.  The  effect  of  its 
contraction  is  to  thrust  the  free  edge  of  the  lip  against  the 
bow. 

The  tracheal  trunk  which  arises  from  a  stigma  may  ramify 
without  communicating  with  the  rest ;  but,  usually,  the  tracheae 
which  proceed  from  each  stigma  enter  into  more  or  less  exten- 
sive anastomoses.  Very  commonly  the  main  trunks  of  each 
side  give  off  wide  anastomotic  branches,  which  unite  and  form 
a  longitudinal  trunk  on  each  side  of  the  body,  while  transverse 
trunks  often  connect  the  main  tracheae  of  opposite  sides. 

In  many  insects,  especially  those  which  possess  great 
powers  of  flight,  more  or  fewer  of  the  tracheae  become  dilated 
into  sacs,  in  which  the  spiral  marking  of  the  chitinous  lining 
is  interrupted  or  disappears.  In  Bees  and  Flies,  a  vast  air-sac 
is  thus  developed,  on  each  side  of  the  abdomen,  from  the 
longitudinal  anastomotic  trunk. 

The  aquatic  larvae  of  many  Orthoptera  (JEphemeridoBy 
Agrion^  Valopteryx)  and  Neuropteraj  and  of  some  Dipteray 
ZfCpidoptera,  and  Cfoleoptera^  though  provided  with  a  fully- 
developed  tracheal  system,  possess  no  stigmata.  The  somites 
of  the  abdomen  or  of  the  thorax  are,  however,  provided  with 
delicate  foliaceous  or  filamentous  processes,  into  which 
branches  of  the  tracheae  enter  and  ramify.  The  air  contained 
in  these  tracheae  is  therefore  separated  from  that  dissolved  in 

>  **  Der  SturmenverschluM  bei  den  Inseoten.*'     (ZeiUchr\fi  fHur  wiiMfi- 
•ehafOicks  Zoologie^  1867.) 
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\\\*'  ^^^\^'^  ^^^^\^  1\v  m  xory  thin  layer  of  i 
MMil  \\\  %  ^^^\i^^^}X^^  %*(  |S«»ro«B  constituents  bet^re«a  tae 
(t4»lkU  ^^X^'^  plrti»o.  Thoso  nro  often  called  Ar*2n#di-y. 
lUi  \  .n»'  oI*\\,»»in1x  of  .1  totally  different  natizre  frzm,  zz 
\ss%s\.U\\  \\w  \:\\\i\^  of  M)mo  Dragon-flies  il^ti^Sv^.i  ixu 
^^  y  .i\  y\>  M  i)(  xot  rtuotluT  fomi  of  respiratonr  crzaa.  JL- 
I  It.  It.,  i^  Oti  \  pl^«^l'^l«  M  )vtir  «tf  thoracic  stigmata^  tb«9»e  arcor 
(o  U\\*  UnK>  o)  no  (utu'lional  importance,  but  re«p.£racs(:fl  a 
« \\\ .  ii'.t  tt\  )MMi\pM^^  x>.'^toi-  into  mid  out  of  the  rectmn.  Tlv 
n-tU*  .«!  thi'  I4M10)  ni'i^  pn>du(H*d  into  six  double  series  cf 
\*\\\*r  III ,  h\  \\w  ooou*M  of  x\hioh  tniolicro  are  abundanth- 'iis- 
iti\Mt(«il.  '\\u\  \\\\\s'\\  v\i\\  tho  nnmo  part  as  the  tracheal  bnih 
v\\\\-  \w\  \\w\\\\%y\w\\.  Thofio  riM'tal  respiratory  orncs^  m 
\''\\  \.  .ipo.  w  «o  ts«  rt  tSMnpliontod  form  of  tne  so-called  *^rectal 
|-,|.ttt,t ..    ^\hti  l\  n\x*  MO  ^vurrnUy  mot  with  in  insects. 

lit.  \\\u\  ^f\^'^\i  \\\  iho  movoments  of  expiration  and  in- 
^l'it.ttti»u  \\\  \\V's%'\-i  !•»  itio  nUlomon,  the  capacity  of  vfaidi 
\\\k\  |i,  .Itttttiii  It.  .1  )«>  \\\o  nppioxiinnlion  of  its  ter^  and 
.•««  \\\.\  .tttil  ^\\^  »ltott.\on^  of  lis  lonjijlh  by  the  retract icn  of 
u>  |'.'.i..t»'t  ittti^  ti-i  mutMUM'  soniitos  ;  "while  it  mav  be  en- 
I.iimiiII'\  ttti«\ .  Mt«-\ti*>  )m  iho  oppo^ito  directions.  When  the 
« .u  iM  » •  .  nl  tti'^  il,  :i\«  McUr.N  Ml  :i(  tlio  stigmata,  and  \rhen  it 
(•  .ltttuitt.lt,  J,  t(  ilt»'  MiiMnni:)  «iv  opon,  expiration  occurs: 
litu  ti  (It.  •ni;uto):oo  shw!,  tho  rlVovt  of  the  expiratorv  act 
littt  •<  l>.  1.1  .ltt\t«  (It.'  :)\t  int.«  (hr  ultimate  ramifications  of  the 
(t  t.  Ii.  .t  lit.-  uti»\.  ni.ntv  of  in>pir:itiou  and  expiration  varv 
Itt  i.t)>i.lit\  \\tili  iltt«  I'tMithtuMt  K^(  the  insect.  Tn  the  Bee, 
N.  >\j».«ti  .•l»-.i\.-.l  il»:it  m  tho  stuto  of  rest  they  were  as  few 
•ir»  ii'»i\.  Imii  \\\.\\  \\\\'\  v.»NO  tv>  one  hundred  and  twenty  with 

Mltl.-^.  ttl.tt    t^XOI  (l.>lt 

I'll.'  itu  -i.t.  n  d.»u^llo^^  ns»iNt  lliiiht  hv  the  diminution  of 
III.'  ijii .  ilir  y.(.iM(\  td'  iho  inMVt«  which  follows  upon  their 
dl--ii.  n( liiu 

ritti  houutl-i  )iitMliii*etl  h\  insevts*  are,  in  a  great  propor- 
tinM  ti|  I'nni'h,  clVi'tlotl  li\  tht»  tVit'tiiMi  of  lianl  parts  of  the  in- 
lit^niiit'ht  t»ni<  tl^tun^t  the  other.  Thus  the  Grasshopper  rubs 
iho  liMion"  of  llio  hintl  li*g  against  a  ridge  on  the  anterior 
wing,  tuitl  the  rhirp  of  the  iViekots  and  Locusts  is  produced 
h\  I  ho  frietiou  of  the  elytra.  The  parts  which  thus  rub  tc- 
Kcther  are  provided  with  serrations  and  ridges,  which  have  a 
t'onhiaut  and  characteristic  disjwsition.     The  longicom  Bee- 

» See  I^nmhiU,  "  Dio  Ton-  und  Stimm-Apparatc  der  Insecten."    iZeitKhrift 
far  vfif,  ZooUgii^  1867.) 
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ties  produce  a  sound  by  the  friction  of  the  tergum  of  the  pro- 
thorax  upon  a  process  of  that  of  the  mesothorax,  and  the 
Dung-beetles  by  rubbing  the  coxae  of  the  hind-legs  against 
the  hinder  edge  of  the  third  abdominal  sternum.  Further, 
sounds  are  necessarily  produced  by  the  extremely  rapid  vibra- 
tion of  the  wings,  which  characterizes  the  flight  of  many  in- 
sects. Landois,  however,  found  that  the  thorax  of  a  Blue- 
bottle fly  continued  to  buzz  after  the  separation  of  the  head, 
the  wings,  the  legs,  and  the  abdomen.  The  separation  of  the 
halteres  weakened  the  sound  but  slightly.  The  acoustic  ap- 
paratus, in  fact,  lies  in  the  immediate  neighborhood  of  the 
thoracic  stigmata.  The  main  trunk  of  the  trachesB  dilates 
into  a  hemispherical  sac,  which  opens  externally  by  the  stig^ 
matic  orifice.  The  sac  presents  a  hooplike  thickening,  to 
which  are  attached  free  chitinous  folds  or  processes,  and  it  is 
to  the  vibration  of  these  that  Landois  ascribes  the  sound. 
The  vocal  organ  of  the  Fly  would  thus  appear  to  be  a  modi- 
fication of  the  occlusor  apparatus  of  the  stigmata,  just  as  the 
organ  of  voice  of  mammals  is  a  modification  of  the  occlusor 
apparatus  of  their  respiratory  opening. 

In  the  CicadcB  the  vocal  organs  are,  according  to  Lan- 
dois, the  posterior  thoracic  stigmata.  These  open  into  cham- 
bers, in  the  walls  of  which  tense  membranes  are  so  disposed 
as  to  intensify  the  sound  by  their  resonance. 

As  in  the  Cnisiaceay  so  in  insects,  the  central  nervous 
system  varies  very  much  in  the  extent  to  which  its  compo- 
nent ganglia  are  united  together.  In  most  Orthoptera  and 
Neuroptera  and  in  many  Coleoptera^  the  thoracic  and  abdom- 
inal ganglia  remain  distinct,  and  are  united  by  double  com- 
missures as  in  Blatta.  In  the  JLepidopteray  the  thoracic  gan- 
glia have  coalesced  into  two  masses,  united  by  double  com- 
missures ;  while  in  the  abdomen  there  are  ^wq  ganglia,  with 
single  or  partially  separated  commissural  cords.  The  concen- 
tration goes  furthest  in  some  Diptera  and  in  the  Strepsiptera^ 
in  which  the  thoracic  and  abdominal  ganglia  are  fused  into  a 
common  mass. 

A  system  of  stomato-gastric  nerves,  similar  in  its  general 
arrangement  to  that  of  ilatta,  is  very  generally  present. 

A  special  system  of  nerves,  termed  respiratory  or  trans- 
verse, is  found  in  very  many  insects,  both  in  the  larval  and  in 
the  perfect  condition.  The  principal  nerves  of  this  system 
are  arranged  in  pairs  on  the  sternal  aspect  of  the  body,  and 
their  outer  extremities  anastomose  with  branches  of  the  or- 
dinary peripheral  nerves,  and  are  distributed  to  the  muscles 
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by  the  development  over  them  of  folds  of  the  cuticle  of  the 
adjacent  region  of  the  limb.  Two  spacious  tracheal  sacs  oc- 
cupy the  greater  part  of  the  cavity  of  the  tibia,  and  a  large 
nerve  ends  in  a  ganglion  in  the  remaining  space.  Upon  this 
ganglion  a  series  of  peculiar  short  rod-like  bodies  are  set. 

The  compound  eyes  of  insects  differ  only  in  detail  from 
those  of  the  Crustacea. 

In  the  ocelli^  or  so-called  simple  eyes,  a  sclerotic,  a  cornea, 
a  lens,  a  vitreous  humor,  and  a  choroid  coat,  have  been  dis- 
tinguished, and  the  whole  organ  has  been  compared  to  the 
vertebrate  eye.  But  the  "lens  *'  appears  to  be  always  a  mere 
thickening  of  the  cuticle  which  constitutes  the  cornea,  and 
the  so-called  "  vitreous  humor  "  is  partially  or  wholly  made  up 
of  crystalline  cones  analogous  to  those  which  are  found  in 
the  compound  eye.  In  this  respect  the  ocellus  of  the  insect 
resembles  the  simple  eye  in  Arachnida  and  Crustacea.^  . 

Many  insects,  as  the  Glow-worm  and  Lantern-flies,  are  re- 
markable for  their  power  of  emitting  light. 

According  to  Schulze,'  the  males  of  iampi/ris  splendidtUa 
possess  two  photogenic  organs,  which  lie  on  the  sternal  aspects 
of  the  penultimate  and  antepenultimate  abdominal  somites. 
Each  is  a  thin,  whitish  plate,  one  face  of  which  is  in  contact 
with  the  transparent  chitinous  cuticula,  while  the  other  is  in 
relation  with  the  abdominal  nerve-cord  and  the  viscera.  The 
sternal  gives  out  much  more  light  than  the  tergal  face.  The 
photogenic  plate  is  distinguishable  into  two  laj'ers,  one  occu- 
pying its  sternal  and  the  other  its  tergal  half.  The  former  is 
yellowish  and  transparent,  the  latter  white  and  opaque,  in 
consequence  of  the  multitude  of  strongly  refracting  granules 
which  it  contains.  Tracheae  and  nerves  enter  the  tergal  layer, 
and  for  the  most  part  traverse  it  to  terminate  in  the  sternal 
layer,  which  alone  is  luminous.  Each  layer  is  composed  of 
polygonal  nucleated  cells.  The  granules  are  doubly  refrac- 
tive, contain  uric  acid,  and  probably  consist  of  urate  of  ammo- 
nia (Kttlliker).  Hence  the  cells  of  the  layer  which  contain 
them  are  termed  by  Schulze  the  "  urate  cells,"  while  he  calls 
the  others  the  "  parenchyma  cells."  The  branches  of  the 
tracheas  which  ramify  among  the  parenchyma  cells  end,  like 
those  of  other  parts  of  the  body,  in  stellate  nucleated  cor- 

>  Leydij?,  **Da3  Au^o  der  Gliederthiere,"  1864.  Landoia,  "Das  Raupen- 
auge  "  {ZelUchrift  fur  wiss.  ZoologU.  1866),  and  "  Zur  Entwickelungsgesohiohte 
der  facettirten  Aujoron  von  Tenehrit  moUtor''^  (ibid.^  1867). 

•  "  Zur  KenntnUs  der  Louchtorgane  von  LampyrU  gpUndidula.'*^  ("  Archiv 
f&r  mikr.  Anatoniie ,"  1865.)  8ee  also  KOUiker,  "Warzburg  Phya.  Med.  Qo- 
selUchaft,"  1857. 
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capsular  epithelium,  but  to  large  vitelligenotis  cells.  These 
stay  in  the  dilated  anterior  chamber  of  the  ovarian  tube. 
But  each  ovum  is  originally  connected  by  continuity  of  sub- 
stance with  one  of  tljese  cells,  and  the  pedicle  of  connection 
may  be  traced  even  to  the  second  and  third  ovum.  It  seems 
probable,  therefore,  that  these  "  vitelligenous  cells,"  for  some 
time,  supply  material  to  the  growing  ova. 

In  most  insects,  similar  vitelligenous  cells  are  found ;  but 
they  are  situated  at  the  anterior  end  of  each  ovicapsule,  so 
that,  as  the  column  of  ovicapsules  lengthens  by  the  addition 
of  new  ovicapsules  to  its  anterior  end,  the  vitelligenous  cells 
are  interposed  between  every  two  ova.  The  vitelline  mem- 
brane and  the  chorion  first  invest  the  posterior  extremity  and 
the  sides  of  the  ovum  ;  and,  for  some  time,  leave  an  opening 
at  the  end  of  the  ovum  adjacent  to  the  vitelligenous  cells. 
This  opening  is  usually  only  partially  closed,  and  what  re- 
mains of  it  constitutes  the  aperture  or  apertures,  termed  the 
micropyle^  through  which  the  spermatozoa  enter  when  the 
egg  is  fecundated.  The  vitelligenous  cells  usually  remain 
outside  the  ovum,  and  eventually  undergo  degeneration ;  but, 
in  many  Diptera^  they  become  inclosed  within  the  coats  of  the 
ovum  and  their  substance  is  merged  in  that  of  the  vitellus. 

Dr.  A.  Brandt  has  proposed  the  term  panoistic  for  ovaries 
of  the  first  mode,  and  meroistic  for  those  of  the  second  and 
third  modes  of  development  of  the  ova  here  described.  So 
far  as  is  at  present  known,  only  the  Orthoptera  and  the  I\ili' 
cidcB  possess  panoistic  ovaria. 

The  peritoneal  coat  of  the  ovarioles  is  a  cellular  struct- 
ure, containing  many  tracheae  and,  frequently,  muscular  fibres. 
It  is  usually  extended  beyond  the  anterior  end  of  each  ovari- 
ole  into  a  filamentous  process,  which,  after  uniting  with  those 
of  the  other  ovarioles  of  the  same  side,  is  continued  into  the 
pericardial  tissue.  At  its  opposite  extremity  it  passes  into 
the  walls  of  the  oviduct,  which  arc  muscular  and  are  lined  by 
an  epithelium. 

The  development  of  the  ovaria  has  been  traced  in  Diptera 
and  Lepidoptera.  Each  ovary  is,  at  first,  a  rounded  mass  of 
indifferent  tissue,  from  which  a  filiform  prolongation  is  given 
off  backward  ;  this  has  not  been  traced  into  connection  with 
any  other  organ,  and  appears  to  terminate  by  a  free  end. 
The  mode  of  origin  of  this  rudimentary,  or  primary,  ovarium 
is  unknown,  but  the  first  step  toward  the  formation  of  the 
genital  organs  is  the  separation  of  the  peripheral  indifferent 
tissue  from  the  central  portion,  and  the  division  of  the  latter 
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into  as  many  elongated  solid  cellular  bodies  as  ovaiioles  are 
to  be  formed.  The  peripheral  cells  become  the  peritoneal 
layer.  Each  cellular  rudiment  surrounds  itself  with  a  struct- 
ureless membrane,  and  then  elongates  into  an  ovariole,  some 
of  the  cells  filling  the  posterior  end  of* which  then  becomes 
differentiated  into  the  first  prunary  ovum  and  its  capsule,  with 
or  without  vitelligenous  cells.  The  contents  of  each  ovariole 
must  therefore  be  regarded  as  a  column  of  generative  cells, 
which  instead  of  burrowing  in  the  stroma  of  an  ovary,  and 
becoming  divided  into  ovisacs,  as  in  a  vertebrated  animal, 
^rows  straight  backward,  and,  as  it  grows,  becomes  divided 
into  ovisacs,  of  which  the  oldest  and  most  advanced  is  the 
hindermost. 

Nothing  is  certainly  known  respecting  the  origin  of  the 
vagina  or  the  oviducts,  though  it  may  be  suspected  that  the 
posterior  prolongations  of  the  primary  ovaries  give  rise  to  the 
latter. 

The  development  of  the  testes  takes  place  in  the  same 
manner  as  tliat  of  the  ovaries,  but  the  contents  of  the  testic- 
ular tubes  become  converted  into  spermatozoa.  The  origin 
of  the  vasa  deferentia  is  unknown.* 

In  most  insects,  the  vitellus  undergoes  partial  yelk-divis- 
ion. In  some  Podaridm^  however,  complete  division  has  been 
observed.  The  development  of  the  blastoderm  takes  place  in 
the  same  way  as  in  other  Arthropods,  and  the  cephalic  end  of 
the  embryo  terminates  in  two  procephalic  lobes.  In  many 
insects,  the  periphery  of  the  blastoderm,  external  to  the  lon- 
gitudinal thickening  which  gives  rise  to  the  sternal  region  of 
the  body,  and  which  may  be  termed  the  sternal  hand  ("  Reim- 
streif"  of  the  German  embryologists),  gives  off"  a  lamina 
which  grows  inward  over  the  sternal  face  of  the  embryo, 
and  eventually  forms  a  complete  investment  thereto.  The 
lamina  may  be  formed  by  a  single  layer  of  cells,  or  it  may, 

»  Tho  account  ^iven  above  of  the  structure  of  the  ovarian  tubes  in  BiaUa 
and  Aphis  is  ba<5ed  on  my  own  observations,  which  are  in  pretty  close  accord- 
ance with  those  of  A.  Brandt,  "  Ueber  die  EirOhren  der  Blatta  {PfriplanHa) 
oriental^  ("  Mem.  de  I'Aoad.  St.-Petersbourg,"  tome  xxi..  1874).  The  liter- 
ature of  the  subject  is  somewhat  extensive.  S^e  especially  Levdiij,  "  Der 
Eierstock  und  die  Samentasche  der  Insecten  "  (^'Novu  Acta,"  xxxiii.,  1867  >; 
Lubbock,  "  The  Ova  and  Pseudova  of  Insects  "  ("  Phil.  Trans.,"  1858') ;  Weis- 


of  the  micropylo  and  the  structure  of  the  cnorion  are  dealt  with  by  Leuokait, 
in  his  elaborate  memoir,  *^  Ueber  die  Micropyle  und  den  feineren  Bau  der 
Schalenhaut  bei  den  Insekteneiem  "  (**  Mcdlers  Archiv,"  1855). 
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from  the  first,  be  a  fold  of  the  blastoderm  and  thus  consist  of 
two  layers,  the  inner  of  which  is  continuous  with  the  sternal 
band,  and  the  outer  with  the  blastoderm  which  invests  the 
tergal  surface  of  the  vitcllus.  In  the  latter  case,  it  becomes 
strictly  comparable  to  the  amnion  of  a  vertebrated  animal ; 
and,  when  the  folds  have  united  in  the  middle  line,  the  invest- 
ment in  question  is  distinguishable  into  an  outer  membrane, 
which  answers  to  the  lamina  serosa^  and  an  inner,  which  cor- 
responds with  the  amnion  proper  of  the  vertebrate  embryo. 
In  some  cases,  the  vitelline  substance  fills  up  the  interval  be- 
tween the  lamina  serosa  aud  the  amnion,  so  that  the  sternal 
band  and  the  latter  form  a  sac  plunged  into  the  interior  of 
the  yelk. 

The  development  of  a  more  or  less  complete  amniotic  in- 
vestment has  been  observed  in  Orthoptera  (LibelliUa\  Cole- 
optera,  Hemipteray  Hymenopiera,  Lepidopteray  and  Dip- 
teray  but  it  does  not  appear  to  be  universal. 

Agamogenesis  is  of  frequent  occurrence  among  insects, 
and  occurs  under  two  extreme  forms ;  in  the  one,  the  parent 
is  a  perfect  female,  while  the  germs  have  all  the  morpho- 
logical characters  of  eggs,  and  to  this  the  term  parthenogene- 
sis ought  to  be  restricted.*  In  the  other  the  parent  has  in- 
complete female  genitalia,  and  the  germs  have  not  the  ordi- 
nary characters  of  insect  eggs. 

In  Coccus  {Lecanium)  hesperidumy  in  Chermes  ahietis 
and  pinly  no  males  have  been  observed;  but  the  perfect 
females  produce  ova,  out  of  which  only  females  proceed.  It 
is  probable  that  many  species  of  gall  insects  (  Cynips)  are  in 
the  same  predicament. 

The  unimpregnated,  apterous,  caterpillar-like  females  of 
the  Lepidopterous  genera  Psyche  and  Solenohia  lay  eggs 
out  of  which  only  females  issue.  The  males  occur  but  rarely 
arid  locally,  and,  from  the  impregnated  eggs,  males  and 
females  issue  in  about  equal  numbers. 

Leuckart  discovered  that  the  ovaries  of  so-called  neuters 
among  wasps,  hornets,  humble-bees,  and  ants,  often  contain 
more  or  less  well-developed  eggs,  and  that  in  the  wasps  and 
humble-bees  such  eggs  are  laid  and  develop  young,  the  sex 
of  which  was  not  ascertained.  Von  Siebold  has  observed  that 
the  neuters  of  Polistes  gaUica  are  distinguished  from  the  per- 

»  The  excellent  "  Beitra^e  zur  Parthenogeneais  "  (1871)  of  Von  Siebold  1b 
my  chief  authority  for  the  statements  in  the  text  respeoting  Agamogenesis  in 
Ixiseots. 
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feet  fertilizable  female,  by  little  more  than  their  smaller  size, 
and  that  thej  possess  completely  developed  female  owmns. 
These  neuters,  or  rather,  small  females,  laid  eggs  whicn  de- 
veloped, and  gave  rise  only  to  male  PolUtes.  The  unim- 
pregnated  females  of  a  Saw-fly,  NematuB  ventrieosua  (the 
larvae  of  which  are  known  as  gooseberry  caterpillars),  i^gn- 
larly  lay  eggs,  which  develop  and  produce  male  ofispring. 

The  terms  arrenotokous  and  tfidytokous  h^yfe  been  pix^ 
posed  by  Leackart  and  Von  Siebold  to  denote  those  p«r> 
thenogenetic  females  which  produce  male  and  female  young 
respectively. 

In  the  case  of  the  Hive-bee,  it  has  been  ascertained  tlmt 
the  queen  either  impregnates,  or  does  not  impregnate,  the 
eggs  when  they  are  laid.  The  spermatheca,  in  which  the 
spermatic  fluid,  introduced  by  the  single  act  of  copulation 
which  takes  place,  is  contained,  contracts  as  the  ^ggi^  pass 
along  the  vagina,  in  the  former  case,  and  remains  passive  in 
the  latter.  The  unimprcgnated  eggs  give  rise  to  males  or 
drones;  the  impregnated  eggs  to  females,  which  become 
neuters  with  imperfect  reproductive  organs,  or  queens,  with 
perfect  organs,  according  to  the  nutriment  which  they  re- 
ceive. 

In  the  Aphides^  ova  deposited  by  the  impregnated  females 
in  the  autumn  are  hatched  in  the  spring,  and  give  rise  to 
forms  which  are  very  generally  wingless,  and  bring  forth 
living  young.  These  may  be  either  winged  or  wingless,  and 
are  also  viviparous.  The  number  of  successive  viviparous 
broods  thus  produced  has  no  certain  limit,  but,  so  far  as  our 
present  knowledge  goes,  is  controlled  only  by  temperature, 
and  by  the  supply  of  food.  Aphides  kept  in  a  warm  room 
and  well  supplied  with  nourishment  have  continued  to  propa- 
gate viviparously  for  four  years. 

On  the  setting  in  of  cold  weather,  or,  apparently,  on  the 
failure  of  nourishment  alone,  in  some  cases,  males  and  females 
are  produced  by  the  viviparous  forms.  The  males  may  pos- 
sess wings,  or  may  be  devoid  of  them.  The  females  appear 
invariably  to  be  apterous.  Copulation  takes  place  and  the 
eggs  are  laid. 

Sometimes  viviparous  forms  coexist  with  the  male  or  fo> 
male  forms,  and  some  viviparous  Aphides  are  known  to  hi- 
bernate.* 

■  >  Huxley,  "  On  the  Agamio  Beprodaotion  and  ACoiphologj  of  Aphis.** 
(*^Linn«anTnnMCtionB."  1857.) 

The  papers  of  M.  BalbisDl  ("  Ann.  des  Sdenoes  Natnrelles,*'  IMO,  18T0,  and 
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The  viviparous  forms  differ  essentially  from  the  oviparous 
forms  in  the  structure  of  their  reproductive  organs.  They  pos- 
sess neither  spermathecae  nor  colleterial  glands,  both  of  which, 
as  Von  Siebold  first  demonstrated,  are  present  in  the  females. 
The  young  are  developed  within  organs  which  resemble  the 
ovarioles  of  the  true  females  in  their  disposition  and  may  be 
termed  pseudovaries.  The  terminal  or  anterior  chamber  of 
each  pseudovarian  tube  is  lined  by  an  epithelium,  which  in- 
closes a  number  of  nucleated  cells.  One  of  the  hindermost 
of  these  cells  enlarges  and  becomes  detached  from  the  rest  as 
a  pseudovum.  It  then  divides  and  gives  rise  to  a  cellular 
miss,  distinguishable  into  a  peripheral  layer  of  clear  cells  and 
a  central  more  granular  substance,  which  becomes  surrounded 
by  a  structureless  cuticula.  It  is  this  cellular  mass  which 
gradually  becomes  fashioned  into  the  body  of  a  larval  Aphis, 
A  portion  of  the  cells  of  which  it  is  composed  becomes  con- 
verted into  a  pseudovarium,  and  the  development  of  new 
pseudova  commences  before  the  young  leaves  the  body  of  its 
parent.  It  is  obvious  that  this  operation  is  comparable  to  a 
kind  of  budding.  If  the  pseudovum  remained  adherent  to  the 
parental  body,  the  analogy  would  be  complete.* 

The  agamogenetic  multiplication  of  Cecidomf/iaA&Tvsd  is 
an  essentially  similar  process.  Professor  Nicolas  Wagner,  of 
Kasan,*  discovered  that  the  larvae  of  a  Dipterous  insect  be- 
longing to  the  genus  Cecidomyia,  or  to  a  closely-allied  form 
{Mi(Mtor)y  multiply  agamogenetioally  in  the  autumn,  winter, 
and  spring.  In  summer,  the  final  terms  of  the  successive 
broods  of  grubs  thus  produced  are  metamorphosed  into 
males  and  females,  which  copulate  and  lay  eggs.  From  these, 
larvae  which  exhibit  the  same  phenomena,  emerge.  In  this 
case,  the  young  are  all  developed  from  germs  which  are  found 
lying  loose  in  the  perivisceral  cavity  of  the  parent,  the  body 
of  which  they  destroy  and  burst  in  order  to  become  free. 

1872)  should  be  consalted.  not  only  on  account  of  their  richness  in  details,  but 
for  the  peculiar  views  which  the  author  entertains  respecting  the  nature  of 


tne  same  animal,  some  of  the  ovarian  tubes  contain  fullv-formed  ova,  and  others 
pseudova,  undergoinflf  their  ordinary  method  of  development.  Unfortunately 
no  information  is  afforded  as  to  whether  these  aphides  possessed  a  sperma- 
theca,  and  showed  evidence  of  impregnation  or  not.  The  occurrence  of  aga- 
mogenesis  alongside  of  sexual  propagation  is  in  itself  nothing  unprecedented, 

•  K.  E.  von  Baer,  "  Bericht"    (**  Bulletin  Acad.  St.-P4tenibom^,"  1868.) 
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Leuckart,  MetschnikofiP,  and  Granin/  have  shown  that  these 
germs  are  detached  from  the  pseudovarium,  which  occupies 
the  place  of  the  rudimentary  ovarium  ordinarily  found  in  larvsB ; 
and  that  each  represents  the  egg-chamber  of  an  ordinary  in- 
sect ovariole  with  its  epithelial  capsule,  ovum,  and  viteUigenoos 
cells. 

In  the  ordinary  process  of  growth  of  an  insect,  from  the 
time  it  leaves  the  egg  until  it  attains  the  adult  condition,  every 
marked  change  in  the  outward  form  of  the  body,  or  of  its  ap- 
pendages, is  accompanied  by  a  shedding  of  the  cuticula.  In 
some  cases  the  modification  effected  at  each  ecdysis  is  very 
slight,  and  the  moul tings  of  the  cuticle  are  numerous,  amount- 
ing in  a  species  of  Day-tiy  ( ChloSan),  described  by  Sir  John 
Lubbock,  to  as  many  as  twenty.  In  such  a  case  as  this,  the 
structure  of  the  adult  is  gradually  substituted  for  that  of  the 
larva,  and  the  organs  of  the  lar\'a,  for  the  most  part,  pass  into 
those  of  the  adult. 

The  like  holds  good  of  some  insects  which  undergo  meta- 
morphosis, that  is  to  say,  in  which  a  quiescent  pupal  condi- 
tion is  interposed  between  the  active  larval  and  the  active 
imaginal  states.  Herold  and  Newport  have  described  at 
length  the  series  of  changes  by  which  the  elongated  gangli- 
onic chain  of  the  Lepidopterous  caterpillar  is  converted  into 
the  much  more  highly  concentrated  nervous  system  of  the 
Butterfly  ;  and  Weismann  has  shown  by  what  gradual  steps 
the  apodal  Corethra-l&rvn,  acquires  the  character  of  the  Dip- 
terous imago.  But,  in  the  Flesh-flies  (3fusca)^  and  probably 
in  many  other  members  of  the  division  of  the  Diptera  to 
which  they  belong,  the  apodal  maggot,  when  it  leaves  the 
®&^>  carries  in  the  interior  of  its  bodv  certain  regularly  ar- 
ranged discoidal  masses  of  indifferent  tissue,  which  are  termed 
imaginal  disked  Of  these,  twelve  are  situated  in  the  thora- 
cic region,  two  on  each  side  of  each  thoracic  segment,  while 
two  others  lie  in  front  of  the  pro-thoracic  disks.  These  imagi- 
nal disks  undergo  little  or  no  cliange  until  the  larva  incloses 
itself  in  its  hardened  last-shod  cuticle,  and  becomes  a  pupm. 
But  they  then  rapidly  enlarge  ;  each  of  the  sternal  thoracic 
disks  gives  rise  to  a  leg  and  to  its  half  of  the  sternal  region  of 

*  Leuckart  "Die  un^o«chlcehtlioho  Vermobmnj?  der  Cecidomvienlarren " 
(Gminger  Nachn'rhfm,  1865) ;  K.  von  Boor.  "  Tleber  Prof.  Nio.  Wken^r'ft  Ent- 
deckuntr/*  etc.  0^  M.6\an;(en  bioloiriquoii  tires  du  Bulletin  de  PAoad.  Imp.  del 
Sciences  de  St.-P^ter«bourfr,"  1806). 

*  S^e  the  remarkable  memoir  of  WeUmaim,  "  Die  DaohembiToiiala  Soft- 
wiokelung  der  Musdden." 
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the  tfaorax,  while  the  tergal  disks  develop  into  the  tergal 
halves  of  the  corresponding  somites,  with  their  appendages, 
the  wings  and  the  halteres.  The  anterior  pair  of  disks  origi- 
nate the  head  and  proboscis  of  the  il;.  As  the  imaginal 
disks  dtivelop,  the  preexisting  organs  contained  in  the  head 
and  thorax  of  the  larva  undergo  complete  or  partial  resolu- 
tion. On  the  other  hand  the  abdomen  of  the  fly  is  produced 
by  the  continuous  modification  of  the  constituents  of  the  lar- 
val abdomen. 

As  in  the  Crustacea,  so  in  Insecta,  the  parasitic  habit  is 


talolna  two  nairiy  hilled  tge*.^i  '!■»  riahl-lund  "f""- '  "^J"  V™  J!"' "; 
SMoM  an  ■  hilr  of  Aadrmia  THmmmiBO.  A.  Tenttil  lorface  of  the  thoni , 
Bihc  abdoinea  ■  o  nundibls*  ;  6.  lililal  pl't*!  '"^  month  ;  fi  thIti  ;  1,  >,  8,  tli« 
aim  tbonclc  leVmenu  nnited.    (Alter  Newpoii.) 

accompanied  by  extreme  modification  of  form.  In  this  re- 
spect the  StrepaipUra,  which  are  parasitic  upon  Bees,  present 
a  remarkable  hiitory.  The  female  (Fig.  Ill)  has  the  form  of 
a  sac  with  a  short  neck,  and  never  leaves  the  body  of  the 
Hymenopteran  in  which  she  is  parasitic  The  males,  on  the 
oontraiy,  are  exceedingly  active  insects  provided  with  a  sin- 
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gle  pair  of  wings,  which  are  attached  to  the  metathomx, 
while  the  mesothorax  has  a  pair  of  twisted  appendages  in  the 
place  of  wings. 

The  larvse  of  both  males  and  females  when  thej  leave  the 
egg  are  minute  active  hexapod  insects  (Fig.  Ill),  with  rudi- 
mentary manducatory  organs,  and  are  found  creeping  about 
between  and  on  the  hairs  with  which  the  abdomen  of  their 
host  is  provided.  In  this  condition  they  are  carried  into  the 
nests  of  the  bees,  and  thev  attack  the  larvae  of  the  latter,  bor- 
ing their  way  through  the  integument  into  the  abdominal 
cavity  of  the  grub.  Here  they  cast  their  cuticle  and  become 
changed  into  sluggish  apodal  grubs,  provided  with  a  mouth, 
with  rudimentary  jaws,  and  with  an  alimentary  sac,  but  de- 
void of  an  anus.  About  the  time  that  the  Hymenopterous 
larva  passes  into  its  imago  state,  the  Strepsipteral  larva 
thrusts  the  anterior  end  of  its  body  (the  so-called  cephalo- 
thorax)  between  two  of  the  abdominal  segments  of  the  bee, 
so  that  it  projects  externally.  The  male  becomes  a  pupa,  and 
eventually  makes  its  way  out  as  a  winged  insect.  The  fe- 
male, on  the  other  hand,  undergoes  little  change  of  outward 
form,  but  presents  an  opening,  which  plays  the  part  of  a 
vulva,  and  enables  the  male  to  effect  the  fecundation  of  the 
eggs.  These  are  developed  within  the  body  of  the  female, 
and  make  their  way  out  by  the  cleft  in  question.' 

The  Ichneumon-flies  deposit  their  eggs  within  the  bodies 
of  the  larvse  of  other  insects,  and  the  grubs  thence  hatched 
devour  the  corpus  adiposum  of  their  host.  The  larvae  of 
some  of  these  parasites  (Platygaster^  Teleaa)^  described  by 
Granin,*  are  extraordinarily  unlike  other  insect  larvsB,  and 
have  a  certain  resemblance  to  Copepoda, 

»  8m  Von  Siebold  "  Ueber  Strepslpteren  "  ("  Archiv  far  NatrnvesoMGhto," 
1843),  and  Newport,  "Natural  Hiatory,  etc,  of  the  Oil-beetle,  if«^*'  ("Lino. 
Trans,"  1847).  ^'  '  ^ 

»  Z€iiteAr{ft/ur  ZoologU^  1869. 


CHAPTER  Vm. 

THB  POLYZOA,  THE  BBACHIOFODA,  AND  THE  MOLLUSCA. 

HowEYEB  diverse  in  outward  appearance  and  in  com- 
plexity of  organization  the  multitudinous  forms  of  animals 
which  have  heen  described  in  the  preceding  four  chapters 
(Chap.  IV.  to  VIL)  may  be,  the  student  passes  from  one  to 
the  other,  by  easy  and  natural  gradations,  from  the  simple 
Turbellarian  at  the  bottom  to  the  most  highly  differentiated 
Arthropod  at  the  summit  of  the  series.  But  with  the  higher 
Crustacea^  Arachnidaj  and  Itisecta  the  scale  ends ;  from  none 
of  these  are  we  led  to  any  higher  form  of  animal  life. 

The  Cuttle-fish,  the  Whelk,  the  Snail,  and  the  other  in- 
numerable forms  of  animals  with  univalve,  bivalve,  and  mul- 
tivalve  shells,  which  are  commonly  known  as  MoUusca^  are 
so  widely  different,  not  only  from  the  Arthropoda^  but  from 
all  the  nigher  members  of  the  group  of  Worms  (Chap.  V.), 
that  any  connection  with  these  seems,  at  first,  to  be  wanting. 
The  segmentation  of  the  body,  which  is  so  conspicuous  a  fea- 
ture of  the  greater  number  of  the  members  of  the  series 
which  ends  with  the  Arthropods,  is  absent ;  limbs  are  want- 
ing ;  instead  of  the  equality  of  the  neural  and  haemal  faces 
of  the  bilaterally  symmetrical  body,  and  the  consequent 
remoteness  of  the  oral  and  anal  apertures,  which  is  usual 
among  the  Arthropods  and  Worms,  these  two  faces  are  usual- 
ly unequal.  The  hsemal  face  is  often  produced  into  a  longer 
or  shorter  cone  ;  the  anus  is,  as  a  rule,  approximated  to  the 
mouth  ;  and,  very  often,  the  hsemal  face  of  the  body  is  asym- 
metrical. 

The  higher  Mollusks,  in  fact,  form  the  final  term  of  a 
series  of  their  own,  which  commences  in  the  PolyzoGy  with 
animals  which  have  many  resemblances  to  the  JRotifera. 

The  Poltzoa  ob  Bbtozoa. — In  outward  form  these  ani- 
mals bear  a  general  likeness  to  the  Sertularian  Hydrozoaj 
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II  Polj/zourium  (Fig.  112),  and  each  zooid  nhicb  buOs  from 
the  common  stock  ia  &  Polyptde.  The  outer,  cbitinous  or 
calciRed,  cuticular  exoskeleton  ia  termed  the  ectocyst,  and,  as 
the  rest  of  the  body  of  the  polypide  ia  contained  in,  or  can 
be  retracted  into,  the  hard  case  thus  formed,  it  ia  commonly 
termed  a  "  cell." 

The  proper  ectoderm,  with  the  parietal  layer  of  the  meso- 
derm which  linea  and  secretes  this  cell,  ia  termed  the  endo- 
vyst.  The  mouth  is  siluated  on  a  disk,  termed  the  lopko- 
phore,  at  the  free  end  of  the  polypide ;  and  the  rnargina  of 
the  lophophore  are  produced  into  a  number  of  richly  ciliated 
tentacula.  At  the  oral  aperture,  the  eoloderm  passes  into  the 
ondodermni  lininj^  of  the  alimentary  canal,  which  is  almost 
always  ilirided  into  thn;e  porlions,  a  long  and  wide  pb&rynx, 
a  apa^^ioiiB  stomach,  and  a  nnrrow  intestine.  The  latter  is  al- 
ways licnt  up  nearly  parallel  with  the  pharynx,  and  termi- 
nates in  an  anus  situated  beside  the  moulli.  As  the  nerroua 
ganglion  is  placed  between  the  mouth  and  the  anus,  the  flex- 
ure of  the  intestine  is  neural,'  and  the  bE^mal  face  of  the 

1  "  Monoirnipli  of  Did  Frosh-watut  Polimn,"  ISflfl. 

'  Id  deiling  vUh  the  morphuloplc^  nutSone  of  ibo  parts  of  Malluiks,  it  U 
VD17  DODouu?  Co  employ  a  lonniaolosr  i>tii«)i  >bal!  be  hulajieudent  of  tlie  or- 
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body  is  developed  gre&tly  in  excess  of  the  oeural  face.  A 
wide  perivisceral  oarity  occupies  the  interval  between  the 
alimentary  canal  and  the  parietea  of  the  body,  and  sometimes 


Fis.  llt.—PtimiattOa  nwnt.— A  alngla  cell  more  migtnifled;  a,  ectocnt;  b,  enio- 
cral ;  m,  ttljx  u  ttia  tiue  ot  lb*  dIUlsd  toiticalB  borna  bj  tha  dlak  or  lophti- 

phora;  i.  mdmli:  /,  eoOtt  '.gg,  ■Umucta;  A,  IntesUns  ;  I.  anas;  n,  mnicla>;  w, 
umoui  gaueliua  ;  t,  BUloblaats ;  t,  faulcaliu.    (After  AUioui.l 

the  walls  of  this  cavity  are  ciliated.  Very  generally,  the 
gastric  division  of  the  alimentary  canal  is  connected  with 
the  parietos  of  the  body  by  a  sort  of  ligament,  the  fi/ni- 
cuius,  or  gaatro-pctrietai  band.  Circular  and  longitudinal  mus- 
cular fibres,  which  frequently  exhibit  distinct  transverse  stris- 
tioDs,  may  be  develop«l  in  the  body-wall ;  and  there  are  usual- 
ly speoial  muscles  for  the  retraction  of  the  lophophore  within 
toe  cell,  and  others  for  the  closing  and  opening  of  the  oper- 
onlar  apparatus,  with  which  many  species  are  provided. 

dinan  poddon  of  tbs  Miinuil*.  I  thcnrore  tenn  that  face  of  the  \toij  on 
wUoa  ths  6hi«f  nervoiu  oantrw,  or  tbe  pedal  );aiiglU  (wbeD  anch  are  Mpantalf 
dlMtngnlabsble),  art  ptaoed,  fMumt,  and  (he  opponte  AonwI. 
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The  siQg'le  nervouB  ganglion  u  nttuted,  aa  baa  been 
stated,  between  the  oral  and  the  anal  apertorea.  Iq  JSeria- 
larid,  ScrupoceUaria,  and  some  other  genera,  nerroiu  oorda 
and  plexuses  connecting  the  ganglia  of  the  seTeral  polypide^ 
and  constituting  what  F.  MUller  tenns  a  "colonial  Derrons 
aystem,"  have  been  described.  But  it  is  not  jet  certain  thai 
these  cords  and  plesuses  are  really  nerves.  It  is  doubtful  if 
there  are  any  special  organs  of  sense,  unless  a  lobed  prooesa 
— the  epittoma — which  overlisnga  the  mouth  io  many  fresh- 
water Polyzoa,  be  of  this  nature.  The  ectoderm  of  that  region 
of  the  body  which  lies  immediately  beneath  the  tentaoula  is 
always  soft  and  flexible  ;  and  when  the  lophophore  ia  re- 
tracted, becomes  invaginated,  so  as  to  form  a  sneath,  by  wfaicli 
the  tentacles  are  protected.  Sometimes,  as  in  the  Ctenoato- 
mata*  this  sheath  is  surrounded  by  a  circle  of  cfaitinous  fila- 
ments, which,  when  the  tentacles  are  retncted,  furnish  a  pro- 
tective outer  covering  to  them.  And,  sometimes,  as  in  the 
Cheilostomata*  part  of  the  ectocyst  of  the  polype  cell  is  dis- 
posed ia  such  a  manner  as  to  constitute  a  morable  lid,  which 


TibncDlt(a).   (After  Bo«k.)"  ^ 

'  "  Arehlv  illr  Aiwtoniie,"  186". 

•  Forre. "  ObiisrvstinDi  on  the  Minute  Structure  of  aome  nt  the  Hiiiher  Fonn* 
of  Polypi"  ("  Phil.  Tram.."  ]SW\  Roiohert,  "  Ueber  Zoobotrgon  pMtteidiit" 
("  Abh.  [).  knniKl.  Akad.  ier  WUneniphafton,"  Berlin,  18S9). 

■  Bueh,  "  CBtulagiie  ol  tho  Marine  Polf  ma  In  the  British  UnBeum  :  CheUo- 
EtomitL"  lRG3-'nt.  fiHfoTthi()rroui>N1Uohe'areoent  important  "Beibf«anr 
KenntniwderBT7oiaen"(2>tt<eMn/Wr«i«.  ZMopu,  Isae-'Tl). 

•  "  CatAl«nu  oT  Huliw  PolTna.''  ISO*. 
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shuts  down  on  the  retracted  polypide.  This  opa-culvm  is 
placed  on  the  opposite  side  of  the  polypide  to  that  on  which 
the  nervous  ganglioa  is  situated. 

In  many  genera,  the  cells  are  provided  with  flagelliform 
appendages — the  vibraeula  (Fig.  114).  These  are  usually 
articulated  with  short  dilated  processes  of  the  ectocyst,  and 
execute  constant  lashing  movements.  In  others,  bodies 
shaped  like  birds'  heads,  with  a  movable  mandible,  and  either 
seated  upon  slender  and  flexible  peduncles  or  sessile,  snap 
inoessantly.  Sometimes  these  last,  which  are  termed  avicu- 
laria  (Fig.  115),  are  present  along  with  vibraeula. 


Fl».  llS.-Bi«mto  ool«rfarfo^A.  Pirt  of  thB  poljjojrinm  T^ewed  .fro'"^"'' ,""  J' 
»lde.  (howlDg  Iba  wnUdM  of «  poljpMe  protruded  from  (t>  cell  (t) ;  the  tolntlne 
(D  and  the  ftoniMh  ud  unllel  {/} ;  0,  relnictor  moielej  i  *  ■*■ 'V'!  '/!;■  ,??'  j£ 
theH  U  holding  s  mloDto  worm  wtalcti  it  hu  Hl»d.    In  front  of  IU9  !■  acen  an 

B.  iu«2ieted  polrplde  wlthiii  arlcnUHam  <d),  Tlewed  from  the  1i»id»1  or  donal 

The  dilated  bases  of  the  vibraeula  contain  muscles  by  the 
contraction  of  which  the  flagelliform  appendage  is  moved. 
In  the  avioularia,  a  large  adductor  musde,  vrhich  takes  it« 
arigia  from  the  greater  part  of  the  inner  surface  of  the 
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"  head,"  is  attached  by  a  slender  tendon  to  the  "  mandibls  *• 
on  the  one  side  of  the  hinge  line,  while  a  smaller  divaricator 
musule  is  fiied  to  the  other  side.  The  mechanism  of  adduc- 
tion and  divarication  of  the  mandible  is  quite  similur  to  that 
by  which  the  doraal  valve  of  the  shell  of  an  articulated  Bra- 
chiopod  is  moved  upon  the  ventral  valve. 

Male  and  female  reproductive  organs  are  usually  com- 
bined in  the  same  polypide.  Tiiey  are  cellular  masses,  devel- 
oped in  the  funiculus,  or  in  the  parietes  of  the  body,  wheuce 
the  ova  or  spermatozoa  are  detached  into  the  perivisceral 
cavity.  They  sometimes  pass  thence,  and  undergo  the  first 
stages  of  their  development  in  dilatations  of  the  wall  of  the 
*  body,  termed  ovicelU. 

Multiplication  by  gemmation  occurs  throughout  the  group, 
but  the  buds  usually  remain  adherent  to  the  stock.  In  Ltxeo- 
aoni'i  and  Pedictllina^  however,  the  buds  become  detached. 

Some  Polyioa  multiply  agamogenetically  by  a  kind  ot 
^emmule  developed  in  the  fuiiiculiM,  provided  with  a  pecul- 
iar shell,  and  termed  a  atatoblast. 

With  these  general  cliaracters,  the  Polyzoa  present  an 
interesting  series  of  modifioations.  They  have  been  divided 
by  Nitsche  into  two  groups — the  Entoprocta,  in  which  the 
anus  lies  within  the  circle  of  tentacles  ;  and  the  Ectoprocta^ 
in  which  it  lies  outside  this  circle,  lu  the  former  division, 
the  genus  Loxosoma,^  which  attaches  itself  to  Sertulorians 
and  to  other  Polyzoa,  is  particularly  noteworthy.  It  ia  a 
small  stalked  animal,  and  the  superior  wider  end  of  the  body 
is  an  obliquely  truncated  disk,  the  margins  of  which  are  elon- 
gated into  ten  ciliated  processes.  The  mouth  is  a  trana- 
versely  elongated,  slit-like  aperture  on  the  lower  side  of  the 
tentacular  circlet.  A  long  ixsophagua  connects  this  with  a 
globular  cseoal  gastric  6ac.  From  the  midst  of  the  disl^  a 
conical  prominence,  the  summit  of  which  bears  the  anus,  is 
situated.  The  sexes  are  united,  the  ovaries  and  testes  being 
situated  on  each  side  of  the  stomach,  and  the  spermatozoa 
pass  directly  into  the  ovaries.  No  nervous  system  has  yet 
been  made  out  in  Loaroaoma.  The  animal  is  fixed  by  the 
truncated  extremity  of  its  narrow  atalk-like  end  ;  and  this 
stalk  contains  a  gland,  the  duct  of  which  opens  in  the  centre 
of  the  face  of  attachment. 

Jjoxosoma  appears  to  multiply  by  budding,  but  tbs  ap- 

■  KowaieWBkv,  "  Boitnlpe  rm  A-ndt^oiio  und  Enlwielcelilii(:»(^sohiohte  do 
LoiOBOmnneBpoUtanurii"  ("Mijin.  de  TAend.  de  Bl.-P6teTaboiinr."  IBOfl).  0»- 
oar  Sohmidt  "Die  QstCuag  LoxiMamit"  ("ArobiT  mr  mikr.  Aoitonde,"  ISTB). 
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parent  buds  are  reallj  one  of  two  kinds  of  embryos  devel- 
oped from  the  impregnated  ova.  The  other  kind  of  embryo 
becomes  a  gastrula,  with  a  large  post-oral  ciliated  disk,  like 
a  mesotrochal  annelid  larva,  and  its  ultimate  fate  has  not  yet 
been  traced. 

The  JSctoprocta  are  divided  into  the  OymnolcBmata^  which 
have  a  circular  lophophore,  and  no  epistoma ;  and  the  PhylaC" 
tolcematay  which  possess  an  epistoma,  and  usually  have  the 
lophophore  prolonged  into  two  lobes,  so  as  to  be  horseshoe- 
shaped  ;  whence  the  term  hippocrepian  applied  to  such  JPo- 
lyzoa. 

Among  the  OymnoloBmata  are  distinguished  :  the  CyclO" 
siomata^  in  which  the  opening  of  the  cell  is  round  and  has  no 
opercular  structures  ;  the  Ctenoatomata  {supra)^  and  the 
CJheUostomata  {supra). 

All  the  Phylactolcemata  are  inhabitants  of  fresh  water ; 
while  all  the  Gymnolmmatay  except  PcUudicella^  are  marine. 

The  polyzoarium  of  CriatateUa  is  free  and  creeps  about  as 
a  whole ;  and  that  of  Lunulites  is  free,  at  any  rate  in  the 
adult  condition. 

In  the  fresh-water  Polyzoa^  the  impregnated  ovum  gives 
rise  to  a  saccular  planuliform  embryo,  which  is  covered  external- 
ly with  cilia.  From  one  end  of  this  eystid^  one  or  more  poly- 
pides  are  developed  from  thickenings  of  the  wall  of  the  sac. 

In  the  Gymnolsematous  genera  Bugula^  ScrupoceUaria^  and 
JBiceUaria^  the  embryo  is  ciliated,  and  provided  with  a  mouth 
and  with  eye-spots.  After  swimming  about  for  some  time,  it 
loses  its  cilia,  fixes  itself,  acquires  a  chitinous  outer  coat,  and 
becomes  a  mere  sac  or  cystid,  in  which  a  polypide  is  developed 
by  gemmation,  and  gives  rise  to  the  first  cell  of  the  polyzoa- 
rium. 

Schneider  *  has  shown  that  the  anomalous  Cyphonautes^ 
which  he  considers  to  resemble  Actinotroeha^  and  which  is 
inclosed  in  a  bivalve  shell,  is  the  larva  of  Membranipora  pU 
losa.  It  is  provided  with  an  intestine,  and  with  largely  de- 
veloped ciliated  motor  bands.  But  when  it  attaches  itself,  all 
these  organs  disappear,  and  the  larva  passes  into  the  condi- 
tion of  a  cystid,  from  which  a  polypide  is  developed,  as  in  the 
foregoing  cases. 

'  8f4  Dumortier  apd  Van  Beneden,  "  Histoire  Naturelle  d.  Polypes  oompo- 
g^os  d'eau  douce  "  (**  M^m.  do  TAad.  Koyale  de  Bruxollcs,"  1850) ;  the  mono- 
grapb  of  Allman  cited  aboye  ;  and  Nitaohe's  **  Beitrflge." 

*  "  Znr  Entwiokelungsffesohiohte  nnd  syBtematisohen  Stellnng  der  Biyozoen 
nnd  Oephjieen."    ('*  AR&iv  fbr  mikr.  Anat,*'  1869.) 


Henci?,  it  has  been  point  ed  out  that  the  charocteHattc  poljr- 
piiJe  of  the  ectoproctous  I^olyzoa  is  &  structure  developed 
from  the  cystid,  in  much  the  same  w&y  as  the  Tatniti-heaia  is 
developed  from  its  saccular  embryo;  or  as  the  Cercaria  is  de- 
veloped from  the  sporocyat,  or  Redia ;  the  cystid  of  (he  ,/%y- 
lactolamata  being  comparable  toa  sjiorocyBt,  and  thai  of  Mem- 
branipora  to  a  Redia.  But,  without  altogether  denying-  the 
justice  of  this  compaiisou,  it  may  be  suggested  that  tbe  cys- 
tid is  comparable  to  a  vesicular  morula,  and  that  the  mode  of 
development  of  the  alimentary  amal  of  the  polyptde  corre- 
sponds ivith  that  of  the  formation  of  an  alimentary  eac  by  in- 
vagination. If  this  view  of  the  case  be  correct,  the  perivisee- 
ral  cavity  in  the.  PtAyzoa  is  a  blaatoccele, more  or  less  roodiRed 
by  the  development  of  the  mesoderm. 

The  only  known  representative  of  the  genus  Rkahdoplev- 
ra  '  is  an  aberrant  Polyzoon  which  presents  many  interesting 
peculiarities.  The  po]yzoa,rium  consists  of  a  creeping  stem 
from  which  erect  branches,  each  of  which  ends  in  a  ciretilar 
aperture  and  constitutes  the  cell  of  a  polypide,  ariec.  The 
cavity  of  the  stem  is  divided  by  transverse  septa,  and  its 
centre  is  traversed  by  a  hollow  chilinous  cord,  which  passes 
through  and  is  attached  to  the  septa. 

The  lophophore  resembles  that  of  the  hippocrepian  Phy- 
lactolcemata  in  being  produced  into  two  arms,  fringed  with  a 
double  series  of  tentacula.  These  nrms  are  longer,  narrower, 
and  more  cylindrical  than  in  any  other  Polyzoa,  and,  thus  f«T, 
approach  the  erms  of  the  Braeliiopoiia.  Furthermore,  the 
tentacula  are  confined  to  the  arms,  which  are  very  flexible. 
Betweecn  the  bases  of  the  arms  there  is  a  rounded  or  pen- 
tagonal disk  with  raised  and  ciliated  edges,  which  occupies 
theplnceof  the  epi stoma  ir  the  phyiactolffimatous  Polj/xaa, 
The  tnouth  is  situated  beneath  the  free  margin  of  this  disk, 
on  the  opposite  side  to  the  anus,  and  to  that  toward  which 
the  arms  are  turned.  The  animnl  is  attached  to  the  bottom 
of  its  cell,  or  rather  to  the  i?ndosarc  of  the  stem,  by  means  of 
a  long  contractile  pedicle,  by  which  its  retraction  is  efTecied. 
According  to  Sars  it  protrudes  itself  by  climbing  up  the  wdll 
of  its  tubular  cell  by  means  of  the  disk.  Prof,  l-ankester's 
comparison  of  the  polypide  of  Rhnhdopleura  to  the  embryo 
Pisidium*  appears  to  me  to  be  fully  justified.  The  brnnchis 
of  Nucula,  in  form  and  position,  present  no  little  resemblaiice 

■  Sn  the  papers  r>r  Allmon  and  G.  0.  But,  Qtiartirly  Jintmat  of  Jlitn- 
aeepical  Scitiun.  1869  nntl  1874. 

•"OntheDorelopineDt*!  History  of  Che  Mollusoa."  ("  PhiL  Tnns.,"  16Tt.^ 
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to  the  arms  of  Mhahdopleura^  though  these,  like  the  arms 
of  the  Brachiopoda^  are  probably  more  strictly  comparable 
to  the  labial  palpi  of  the  Lamellibranchs. 

Polyzoa  occur  in  the  fossil  state  from  the  Silurian  epoch 
to  the  present  day,  and  the  oldest  forms  are  referable  to  the 
groups  which  now  exist. 

The  Brachiopoda. — The  Brachiopoda  are  all  marine 
animals  provided  with  a  bivalve  sheU,  and  are  usually  fixed 
by  a  peduncle  which  passes  between  the  two  valves  in  the 
centre  of  the  hinge  line,  or  the  region  which  answers  to  it,  in 
those  Brachiopods  which  have  no  proper  hinge.  They  never 
multiply  by  gemmation,  nor  give  rise  to  compound  organisms. 
The  shell  is  always  inequivalve  and  equilateral ;  that  is  to  say, 
each  valve  is  symmetrical  within  itself  and  more  or  less  un- 
like the  other  valve.  The  shell  is  a  cuticular  structure  se- 
creted by  the  ectoderm,  and  consists  of  a  membranous  basis, 
hardened  by  the  deposit  of  calcareous  salts,  sometimes  con- 
taining a  large  proportion  of  phosphate  of  lime  (Lingula). 

In  many  Brachiopods,  variously-formed  calcareous  spic- 
ula,  or  minute  plates,  are  found  in  the  walls  of  the  peri- 
visceral cavity,  and  of  the  greater  sinuses ;  and  also  in  the 
arms  and  cirri,  and  sometimes  these  unite  together  so  as  to 
form  an  almost  continuous  skeleton.* 

The  body,  or  rather  that  part  of  it  which  contains  the  chief 
viscera,  is  often  small  relatively  to  the  valves  of  the  shell, 
and  the  integument  is  produced  into  two  broad  lobes,  which 
line  so  much  of  the  interior  of  the  valves  as  the  visceral  mass 
does  not  occupy.  The  free  edges  of  these  lobes  are  thickened, 
and  are  beset  with  numerous  fine  chitinous  setas  like  those 
found  in  Annelids,  and  like  them  lodged  in  sacs.  Between 
the  two  lobes  of  the  mantle,  or  palliumy  is  the  pallial  cham- 
ber, bounded  behind  the  anterior  wall  of  the  visceral  mass. 
In  the  middle  line,  this  wall  presents  the  oral  aperture,  which 
is  seated  in  the  midst  of  a  wider  or  narrower  area,  the  mar- 
gins of  which  are  provided  with  numerous  ciliated  tentacula. 

In  Argiope^  the  oral  area  occupies  a  large  part  of  that  lobe 
of  the  mantle  which  is  ordinarily  termed  dorsal,  and  its  mar- 
gins are  simply  indented  by  three  deep  sinuations.  In  JTieci' 
dium^  the  sinuations  are  deeper,  and  the  folds  of  the  oral  area 
thus  produced  narrower.     But  in  most  Brachiopods  the  oral 

>  These  have  been  desoribed  by  Woodward,  Laoaze-Duthiers,  and  especially 
by  Elides  Deslon^^ohamps,  **  Beoherohes  sur  Porganisation  du  Manteau  ohez  lea 
Braohiopodes  artioul^,'^  1864. 
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Tlie  periviacoral  cavity  communicates  with  the  pnllul 
chamber  liy  at  fewest  two,  and  Bometimcs  four  {Ehffnchontt- 
ta),  tubular  organs,  which  have  been  described  as  hearts,'  bat 
are  now  known  to  have  no  such  nature. 

Each  of  these  or^oB  is  shaped  like  a  funnel,  the  wide  poi^ 
tion  which  opens  into  the  perivisceral  cavity  being  much  plait' 
ed  and  folded,  and  separated  by  a  constriction  from  the  ii«r> 
.rower  part,  which  answers  to  the  pipe  of  the  funnel.  The  lat- 
ter, passing  obliquely  through  the  anterior  wall  of  the  visceral 
chamber,  ends  by  a  small  aperture  in  the  palliol  cavity.-  Prof, 
Morse  h  IS  observi^d  the  passage  of  the  eggs  through  these 
organs  in  Tvrebratulinn  i^plentrioiialis.  They  are  drawn 
into  t\ip  open  end  of  the  funnel  by  the  action  of  the  cilia  with 
which  its  surface  is  covered,  and  enter  the  pallial  cavity  by 
the  aperture  just  mentioned.  It  is  probable  that  these  "  pseu- 
do-hearts"  subserve  the  function  both  of  renal  organs  and 
of  genital  ducts  ;  and  that  they  are  the  homologues  of  the 
organs  of  Bojnnus  of  other  mollusks,  and  of  the  segmental 
organs  of  worms. 

Between  the  ectoderm  and  t!io  lining  membrane  of  the 
prolongations  of  the  perivisceral  cavity  in  the  mantle,  and 
between  the  cndoderm,  the  ectoderm,  and  the  lining  membrane 
of  the  perivisceral  cavity  itself,  there  is  an  interspace  broken 
up  into  many  anastomosing  canals,  which  I  conceive  to  rep- 
resent a  large  part  of  the  proper  blood  aystem. 

Vesicular  dilatations  of  the  walls  of  these  canals  found  at 
the  back  of  the  stomach,  and  in  sone  other  localities,  ia  the 
Brochiopods  with  articulate  shells,  have  been  regarded  as 
hearts;  but  observations  on  the  living  animals,  made  by  various 
investigators,  show  that  they  are  not  contractile,  and  their 
function  is  unknown.  Although  the  existence  of  a  direct 
communication  between  the  perivisceral  chamber  and  the 
blood  canals  has  not  been  demonstrated,  it  ia  very  probable 
that  the  perivisceral  chamber  really  forms  part  of  the  blood- 
vascular  system. 

Muscles  for  the  adduction  and  divarication  of  the  valves 
of  the  shell,  and  for  effectinp  the  other  movements  of  the  ani- 
mils,  are  well  developed  in  the  Brachiopoda.*  They  are  to  a 
'great  ejitent  striated. 

■  Owen,  "  Lettre  sar  ruppiniil  de  Is  airculation  clei  lee  Mnllusqaes  dc  U 
eluso  d«a  Bnioliiopftdos."     (^'  Animlos  des  Soianoea  NotnrBllee,"  1 SI5. ) 

'  Sea  Hancock  JI.  t.).    Owen,  Inlroduolion  to  Dividsoa'i  "  PtuuU  Bnohi- 

—'-  "    ("  Momoira  of  the  PslnjoiitojTspliior'  "----■-  ■'  — '  ■■ '" ■  — 

■Qlogiosl  Bode^  of  London,"  IBSG.j 
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The  nervous  system  of  the  articulated  Brachiopods,  in 
which  it  has  been  best  made  out,  consists  of  a  relatively  thick 
ganglionic  band  on  the  ventral  side  of  the  mouth,  the  ends  of 
which  are  united  by  a  commissural  cord,  which  surrounds  the 
gullet,  and  bears  two  small  ganglionic  enlargements.  The  lat- 
ter probably  answer  to  the  cerebral,  the  former  to  the  pedal, 
ganglia  of  the  Jjamellibranchiata,  Immediately  behind  the 
pedal  mass,  from  which  two  large  nerves  to  the  dorsal  or  ante- 
rior lobe  of  the  mantle  are  given  off,  are  two  elongated  ganglia, 
connected  by  a  commissure  of  their  own,  which  possibly  cor- 
respond with  the  parieto-splanchnio  ganglia  of  the  higher  Mol- 
lusks.  The  nerves  to  the  ventral  lobe  of  the  mantle  and  those 
to  the  peduncle  arise  from  these  ganglia. 

In  tne  inarticulated  Brachiopods,  oiur  knowledge  of  the  ner- 
vous system  is  very  imperfect.  In  Lingula^  Professor  Owen 
has  described  two  lateral  nerve-cords,  and  the  observation 
has  been  confirmed  by  Gratiolet  and  Morse.  The  latter  anato- 
mist finds  similar  cords  in  Discina^  and  Gratiolet  has  de- 
scribed an  oesophageal  ring  in  LingiUa? 

The  reproductive  organs  are  lodged  in  the  perivisceral 
cavity  or  its  prolongations,  and  are  apparently  always  con- 
tained in  processes  of  the  lining  membrane  of  that  cavity. 
It  is  not  clear  whether  hermaphrodism  is  the  rule  or  the  ex- 
ception. Thecidiumj  however,  has  been  shown  by  Lacaze- 
Duthiers  to  be  dioecious  ;  and,  according  to  Morse,  the  sexes 
are  distinct  in  Terebratulina  and  Discina, 

The  development  of  the  JSrachiopoda^  notwithstanding 
the  important  observations  of  F.  MuUer,*  Lacaze-Duthiers/ 
and  especially  of  Morse,*  stood  much  in  need  of  further  eluci- 
dation (especially  in  regard  to  the  earlier  conditions  of  the 
embryo),  until  quite  recently,  when  the  investigations  of 
Kowalewsky*  filled  up  the  hiatus  in  our  knowledge  for  the 
genera  Argiope^  Thecidiunij  Terebratula,  and  Terebratulina. 
The  egg  becomes  converted  into  a  vesicular  morula,  in  which 
an  alimentary  sac  is  developed  by  invagination,  and  this  sac 
gives  off,  as  in  Sagitta^  two  diverticula,  which  become  shut 

>  "  Recherches  pour  servir  k  Phlatoire  des  Brachiopodes."  ("  Journal  de 
Conchylioloiprie  "  1860.) 

«  **  Bcschreioune  einer  Brachiopoden-Larva."    ('*  Archiv  fftr  Anat.,"  1860.) 
«  "  Histoire  de  la  TlwScid^e."    ("  Ann.  d'Hiat.  Nat.,"  1861.) 
«  •'  On  the  early  stages  of  Terebratulina  tepUrUrionalUy    (**  Memoirs  of  the 
Boston  Society  of  Natural  History,*'  1869,  and  the  memoir  already  cited). 

*  Contained  in  a  memoir,  published  at  Moscow  in  1874,  for  which  I  am  in- 
debted to  the  oourtesj^  of  the  author.  It  is  in  Russian ;  but  I  have  been  able  to 
acquaint  mjself  with  its  contents,  to  some  extent,  by  the  fud  of  a  friend. 
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off  from  the  alimentary  cuiinl,  and  are  convorlcd  into  the  peri- 
visceral cuvily.  The  latter,  therefore,  ia  an  entero<^o?le.  the 
embryo  elongates,  and  constrictions  divide  it  into  three  seg- 
ments, of  which  the  anterior  beeomea  fringed  with  long  cilia, 
and  develops  eye-spots.  Thus  ibe  young  Brachiopod  acquires 
a  great  resemblance  to  an  ordinary  Annelid  larvn.  The  re- 
semblance is  increased  by  the  appearance  of  four  bundlcB  of 
setie  on  the  middle  segment,  which  becomes  produced  into  & 
sort  of  hood,  the  free  edges  of  which  are  at  first  turned  badt- 
ward  and  bear  these  setie.  As  the  larva  grows,  the  third 
segment  becomes  truncateil  at  the  end,  and  furnishea  a  sur- 
face {provided  with  a  shell  gland  ?  in/rd),  by  which  the  larrti 
ttttaclies  itself.  At  the  same  lime,  the  first,  or  prceBtoinial 
segment,  atrophies,  aud  the  setigerous  hood  developed  from 
the  middle  segment  ia  relroverted,  rapidly  grows,  and  giveB 
rise  to  the  lobes  of  the  mantle,  on  which  the  valves  o?  tbe 
shell  are  developed. 

The  resemblance  of  the  larval  Brachiopod  to  a  PoIyzoOn, 
and  especially  to  Loxoionia,  is  striking,  and  fully  bears  out 
the  conclustou  as  to  the  affinity  of  the  Polyxoa  with  the 
Brachiopoda  which  results  from  the  study  of  their  adult 
structure.  On  the  other  hand,  the  development  of  the  £ra- 
chiopoda  no  less  strongly  testifies  to  their  close  relations  with 
the  Worms.' 

In  the  course  of  tbe  previous  pages  the  terms  dorsal  and 
ventral  have  been  employed  in  the  sense  in  which  they  are 
conventionally  used  by  conchologiata.  But  an  interesting 
question,  and  one  not  easy  to  settle,  la,  Whnt  relation  do  these 
dorsal  and  ventral  regions  of  a  Brachiopod  bear  to  the  searal 
and  liiemal  regions  of  a  Polyzoon,  or  to  those  of  a  Lanielti- 
branch,  or  of  tfCastoropod? 

If  wo  compare  one  of  the  articulated  Braehiopods,  such  as 
Walitfieimia,  in  its  shell,  with  a  po!y|iide  of  a  Cheilostotna- 
toua  PolyisoiJn  in  its  cell,  the  dorsal  valve  will  appear  to  an- 
swer to  the  operculum,  and  the  ventral  valve  to  the  cell.  If 
this  comparison  be  just,  the  two  lobes  of  the  mantle  of  the 
Brachiopod  must  both  belong  to  tlie  dorsal  or  ha»mal  aspect 
of  the  body  ;  that  which  corresponds  with  the  so-called  dor- 
sal valve  of  the  shell  being  the  anterior,  and  that  which  lines 

'  The  aajeptanco  of  the  view  originsny  pmHuinded  Ijj  Bteenstnip,  »Bd  so 
>blv  urRed  by  Prof.  Moreo,  rcEpoetms  tlie  afllaitieB  of  the  BnohHHKtdB  — '*'- 
tho  Woma  {■'  ProceedioBB  of  BobIod  Sodety  of  Natural  Histoiy,"  IBTO, 
not  to  m;  mind  weaken  Iho  opinion  I  have  slwn;v~a  held  as  to  their  imo  .    . 
with  tbe  Pilgioa,  on  tlie  one  hand,  and  nith  the  higher  Mollutea,  on  the  olher. 
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the  ventral  valve  of  the  shell  being  the  posterior  lobe.  And 
the  region  of  the  anterior  wall  of  the  paUial  cavity  which  lies 
behind  or  below  the  mouth  will  answer  to  the  neural  aspect 
of  the  PolyzotJn. 

On  the  other  hand,  if  the  segments  of  the  body  of  the 
larval  Brachiopod  are  true  somites,  and  the  discoidal  surface 
of  the  hindermost  corresponds  with  the  similarly  formed  end 
of  the  larva  of  Lacinularia^  as  Prof.  Morse  suggests,  the 
dorsal  lobe  of  the  mantle  will,  as  before,  represent  part  of 
the  haemal  surface  of  the  body,  but  the  ventral  lobe  will  be- 
long to  its  neural  surface — and  can  no  longer  properly  be 
termed  mantle,  but  will  rather  answer  to  the  foot  of  one  of 
the  higher  Mollusca. 

The  Br<ichiopoda  are  distinguishable  into  two  groups, 
the  Articulata  and  the  Inarticuktta.  In  the  Articulate^  the 
two  valves  are  united  by  a  hinge,  and  the  ventral  valve  is 
usually  provided  with  teeth,  which  are  received  in  sockets 
of  the  dorsal  valve.  The  gullet  ascends  in  the  middle  line 
toward  the  dorsal  valve,  and  the  intestine  descends  toward  the 
opposite,  or  ventral,  valve,  and  there  ends  in  a  caecum.  The 
dorsal  valve  often  gives  rise  to  spiral  or  looped  shelly  pro- 
cesses to  which  the  arms  are  attached.  The  valves  are 
brought  together  by  a  pair  of  adductor  muscles,  which  pass 
directly  from  valve  to  valve ;  and  they  are  separated  by  di- 
varicatOr  muscles,  which  run  obliquely  from  the  ventral  valve 
to  a  median  process  (the  cardinal  process)  of  the  hinge-line 
of  the  dorsal  valve.  The  impressions  of  the  attachments  of 
these  muscles  on  the  inner  surfaces  of  the  valves  have  con- 
siderable systematic  importance.  Very  often  the  ventral 
valve  is  produced  into  a  sort  of  spout,  through  which  passes 
the  peduncle  by  which  the  animal  is  attached  to  rocks.  At 
the  sides  of  the  visceral  chamber  the  thickened  edge  of  the 
dorsal  lobe  of  the  mantle  passes  into  that  of  the  ventral  lobe. 

The  substance  of  the  shell  is  very  often  traversed  by 
numerous  canals  perpendicular  to  its  surface,  which  contain 
prolongations  of  the  mantle.' 

This  division  contains  the  families  of  (1)  The  Terehra- 
tulidoB^  (2)  the  Spiriferidm,  (3)  the  EhynchoneUidm^  (4)  the 
Orthid(Ky  and  (5)  the  Productidm^  of  which  the  second,  fourth, 
and  fifth  are  extinct  and  almost  wholly  palaeozoic,  no  species 

>  The  Btracture  of  the  shell  has  been  particularly  stndied  by  Carpenter. 
("  Reports  of  the  British  Association,"  1844-U7,  and*  Introduction  to  David- 
ton's  ^*  Fossil  Brachiopoda.")  See  also  King,  **  Trans.  Royal  Irish  Aoademy,*' 
1869. 
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oxtcnding  beyond  tho  lins,  while  the  majority  of  the 
of  tlio  olher  two  families  are  also  esUnct. 

Tho  family  of  the  Terebratulidix,  which  is  not  certainly 
known  to  occur  in  formatioos  older  thun  the  Devouian,  Is  the 
only  one  id  which,  since  the  end  of  the  palieozoic  epoch, 
numerous  now  generic  types  appear.' 

Tho  Inarticulata  have  no  hinge ;  the  intestine  opens  Into 
tho  cavity  of  the  mantle,  the  margins  of  the  lobes  of  which 
are  completely  separate.  iSome  have  a  long  peduncle  (Xi»- 
ffiila),  others  are  tinted  by  a  plug  which  passes  through  ut 
aperture  or  notch  of  one  valve  {I}iacina),  or  by  the  aur&ca 
of  one  valvo  ( Crania),  There  is  no  brachial  skeleton,  and  tbs 
arrangement  of  the  muscles  is  in  many  respects  diffenat 
frum  that  whlcli  obtains  in  the  articulated  division. 

Species  of  all  these  families,  except  the  Spiri/erida, 
Ort/iidte,  and  Productidce,  exist  at  the  present  day,  but  they 
arc  also  represented  in  tho  older  palseozoio  epochs,  and  Xuf 
guloE  are  among  the  oldest  known  fossils.' 

TiiE  MoLLL'SCA.  —  The  term  MoUusca  may  be  used  u 
a,  convenient  denomination  for  the  LameUibranckiata  «nd 
Odontophora  (—  Gasteropoda,  Pferopoda,iind  Cephalopoda, 
of  Cuvier),  which  can  be  readily  shown  to  be  modifioatdons  of 
one  fundamental  plan  of  structure.  This  may  be  represented 
by  a  body,  symmetrical  in  relation  to  a  median  vertical  plane, 
ftt  one  end  of  which  is  the  oral  and  at  the  other  the  anil 
aperture  of  the  alimentary  canal.  In  the  body  a.  ventral,  or 
neural,  face,  an  opposite  dorsal,  or  /tTtna/,  face,  and  a  right 
and  left  side  may  be  distinguished.  The  neural  face  usually 
gives  rise  to  a  muscular /bo(,  Tlie  integument  of  the  hsmal 
face  is  generally  produced  at  Its  edges  into  a  free  fold,  and 
the  term  mantle,  or  pallium,  is  applied  to  the  region  of  the 
Integument  thus  circumscribed.  Between  the  free  portion  of 
tho  mantle  and  the  rest  of  the  body  ia  a  cavity,  the  p<iilial 
chamber,  from  tho  walls  of  which,  processes  which  subserve 
respiration,  the  branchice,  may  bo  developed. 

In  the  median  line  of  the  surface  of  the  mantle  of  the  em- 
bryo a  ikeU-gland  is  very  generally  formed,  and  from  the 
surface  of  ihe  mantle  a  cuticular  secretion,  the  mMI,  is  pro- 
duced. 

'  SuBM,  "  Dober  dia  WohnsiUo  dor  Braebiopodan."    ("  Slub.  d.  Wloaer 
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A  systemic  heart  usually  exists,  and  when  present  is  situ- 
ated in  the  middle  of  the  posterior  hsemal  region,  and  consists 
of,  at  fewest,  two  chambers,  an  auricle  and  a  ventricle.  Arte- 
rial vessels  often  ramify  extensively  through  the  body,  but 
more  or  fewer  of  the  venous  channels  remain  in  the  condition 
of  lacunae.  The  blood-corpuscles  are  colorless  and  nucleated. 
Distinct  respiratory  organs  may  be  absent,  or  they  may  take 
the  form  of  branchiae  or  pulmonary  sacs.  When  present,  they 
lie  in  the  course  of  the  blood  which  is  returning  to  the  heart. 
Beside  the  heart  and  the  intestine  are  situated  the  renal  or- 
gans, which,  on  the  one  side,  open  externally,  and  on  the 
other  communicate  with  the  blood  system. 

The  nervous  system  consists  of,  at  least,  one  pair  of  ganglia 
(cerebral)  at  the  sides,  or  on  the  hsemal  aspect  of,  the  mouth, 
and  of  two  other  pairs  of  oesophageal  ganglia  (pedal  and 
parieto-splanchnic).  The  latter  are  situated  at  the  sidea,  or 
on  the  neural  aspect,  of  the  alimentary  canal,  and  are  con- 
nected by  commissures  with  the  former. 

In  the  majority  of  the  Molluscay  the  embryo  passes  through 
a  stage  in  which  it  is  provided  with  bands  of  cilia  or  with  a 
simple,  bifid,  or  multifid  fold  of  the  integument  (veltim)^  the 
edges  of  which  are  ciliated,  developed  on  the  haemal  aspect  of 
the  cephalic  region  of  the  body,  in  front  of  the  pallial  region* 

The  special  peculiarities  of  the  different  groups  of  the 
Molluaca  result  chiefly — 

1.  From  the  form  of  the  pallial  region,  and  the  extent  of 

the  mantel-lobes  relatively  to  the  body. 

2.  From  the  number  and  arrangement  of  the  pieces  of  the 

shell  to  which  the  mantle  gives  rise. 
8.  From  the  proportional  size  and  the  form  of  the  foot 

and  the  production,  or  non-production,  of  chitinous, 

or  shelly,  matter  by  it. 
4.  From  the  development  of  sense-organs  on  the  anterior 

end  of  the  body,  and  the  absence  or  presence  of  a 

distinguishable  head. 
6.  From  the  disproportionate  growth  of  the  haemal  region 

of  the  body  into  a  visceral  sac^  followed  by  a  change 

in  the  primitive  direction  of  the  intestine,  and  often 

accompanied  by  asymmetrical  lateral  distortion. 

The  Lamellibbanchiata.* — In  these  MoUusks  there  are 

»  For  a  description  of  the  anatomy  of  a  Lamellibranch  in  detail,  the  student 
is  referred  to  Huxley  and  Martin,  **  Elementary  Biology,"  and  Kolleston, 
«'  FonnB  of  Animal  Life." 
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always  two  large  pallial  lubns,  the  margins  of  wlitcb  are  de- 
void of  Betas  ;  and  whicb  are  lateral,  ur  right  and  left,  in  rela- 
tion to  the  median  plane.  Each  lobe  gives  rise  to  a  piece,  or 
valoe,  of  the  shell ;  and  to  these,  accessory  pieces,  developed 
upon  the  median  hxinal  face  (PAoleu)  or  the  posterior  end  of 
the  mantle  (  Ttredo),  are  in  some  coses  added;  or,  in  addition 
lo  ita  valves,  the  mnutle  may  secrete  a  shelly  tube  (Teredo, 
Aapergillum).  The  shell  itself  consists  of  superimposed 
lamellae  of  organie  matter,  hardened  by  the  deposit  of  calca- 
ivous  salts.  It  ia  a  cuticular  excretion  from  the  surface  of  the 
mantle,  and  never  presents  any  cellular  structure.  But,  from 
the  disposition  of  its  laracllie,  and  from  the  manner  in  which 
the  calcareous  deposit  takes  place  in  them,  it  may  present 
varieties  of  structure  which  have  been  distinguished  as  nacre- 
ous, prismatic,  and  epidermic' 

The  two  valves  are  generally  united  over  the  medi&n  line 
of  the  hn>mal  surface  of  the  body  by  an  uncalcified  chitinoua 
cuticular  matter,  termed  the  ligament,  which  is  usually  renr 
elastic,  and  is  ao  disposed  that,  when  the  valves  are  closed,  it 
is  either  stretched  or  compressed.  In  either  case,  it  anlKgo- 
nizea  the  action  of  the  adductor  muscles,  and  divaricates  the 
valves  when  these  muscles  are  rclajied.  Concbologists  com- 
monly draw  a  distinction  between  an  internal  and  an  external 
ligament ;  but,  in  relation  to  the  body  of  the  animal,  all  liga- 
ments are  external,  and  their  intcmality  or  externality  is  in 
respect  of  the  hinge-line,  or  the  line  along  which  the  edges 
of  the  valves  meet.  In  symmetrical,  or  equioalve,  Lamelli* 
branchs,  each  valve  is  concave  internally  and  convex  exter- 
nally; it  has,  in  fact,  the  form  of  a  very  depressed  cone,  the 
apex  of  which,  termed  the  umbo,  h  incurved  and  is  situated 
on,  or  projects  beyond,  the  hiemal,  or,  as  it  is  termed,  dorsal 
edge  of  the  valve.  Moreover,  it  is  usually  inclined  forward, 
and  situated  nearer  the  anterior  than  the  posterior  end  of  the 
valve.  Sometimes  the  umbonic  cone  is  prolonged  and  bent 
inward,  or  may  even  form  a  short  spiral  turn  {Isocardia, 
J}icerafi),  so  that  the  vaivo  acquires  a  certain  resemblance  to 
the  shell  of  some  gasteropods.  As  the  shellofa  LameUibranch 
increases  in  thickness  by  the  deposition  of  new  layers  on  the 
inferior  f;ic6  of  the  old  ones,  and,  in  area,  by  the  extension  of 
the  new  layers  beyond  the  old  ones,  the  summit  of  the  ambo 
represents  the  original  shell  of  the  embryo,  and  the  outer  8ur- 
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a  is  usually  marked  by  concentric  Unea  of  growth,  which 
ioate  the  boundaries  of  the  successively  added  new  layers 
K'jbell-flubstance. 


VM.  UT. — Secticnul  dLisnin  of  >fmb-mtBrUniielMii«lrMla).~.l,  j4,muitle,  lb* 


>Tltr:  J 


•omk;  d,  KCtDin;  e,  *nu>:  /.  Tantrlcis;  g,  iiirlclB;  A,  irllla,  except  t.  rleht  eitor- 
nil  «<11.  Urgelj  ent  mwsj  and  tnrned  back;  t,  libLil  pflpl;  ;,  canbnl:  m.  p«d>1; 
n,  parleta-aplmclmlc  gaigtUi  o,  Bpertura  of  tb«  klviey  or  ontui  al  Bqjaniu;  A 


The  applied  edges  of  the  two  valves  are  very  often  pro- 
duced into  elevations  and  deprossions  which  interlock  with 
one  another.  The  form  and  arrangement  of  these  teeth  and 
■ookets  are  of  much  use  in  systematic  eonchology. 
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The  muscles  whicli  are  attached  to  the  valves,  vie,  the  ad- 
ductors, retractors  of  the  foot,  and  pallial  muscles,  givo  riso 
to  impressions  on  the  inr.er  faces  tif  the  valves,  wiiicli  ue 
very  obvious  when  the  latter  are  remQved  aud  cleaned.  With 
the  growth  of  the  animal,  the  distance  of  these  impressioD* 
from  the  hinge-line  and  from  one  another  is  necessarily  ia- 
Cieased,  and  it  is  not  difficult  in  eoiiib  cases  {e.  g,,  Anodonta) 
to  trace  a  faint  triangular  mark,  which  has  its  hase  in  eacA 
adductor  impression  and  its  apex  in  the  umbo,  and  which  in- 
dicates the  successive  shiftings  of  position  of  (he  muscle. 

In  some  cases  (e,  g,,  Lima)  a  Laniellibranch  may  perfoim 
a  sort  of"  aquatic  flight  by  the  flapping  of  the  valves  of  its 
shell. 

The  hard  and  sharp-edged  valves  of  the  shell  in  Teredo 
are  probably  the  agents  by  which  the  mollusk  cnrvea  its  pas- 
sages through  the  wood  which  it  inhabits.  Whether  the 
valves  of  the  shell  of  the  Pholades  and  Saxicava;  are  the  in- 
-  struments  by  which  they  excavate  their  burrows  in  hard  rock, 
or  whether,  as  has  been  suggested,  the  foot,  armed  with 
sand,  is  the  boring  instrument,  is  a  question  which  has  been 
much  discussed,  but  hardly  brought  to  a  satisfactory  decision. 

The  btemal  face  of  the  body  is  either  flat  or  slightly 
arched,  whence,  in  side  vi«w,  the  haemal  contour  is  either 
straight  or  convex.  In  most  Lamellibranchs  the  body  i« 
symmetrical  in  relation  to  the  median  plane,  but.  in  thoM 
which  have  inequivalve  shells,  as  the  Scallop  {Pectcn)  uid 
the  Oyster  {  Oslraa),  the  one  half  is  more  convex  than  the 
other.  No  Lamellibrauch  Itns  a  distinct  head;  but,  in  those 
which  possess  two  adductor  muscles  (e.  g.,  .dno(/«n/o),  the 
region  in  which  the  anterior  adductor  lies  and  which  ia  situ- 
ated in  front  of  the  mouth  may  be  distinguished  as  the/>n> 
toina,  from  the  middle  region  (mesosonio)  which  gives  rise  to 
the  foot ;  while  the  part  which  lies  behind  the  foot  and  con- 
tains the  posterior  adductor  may  be  termed  the  mrlasoma. 

The  foot  may  he  rudimentary,  but  it  is  usually  large,  flex- 
ible, and  employed  as  an  organ  of  locomotion.  The  posterior 
face  of  the  foot  not  uncommonly  presents  a  gland  which  se- 
cretes a  chitinous,  or  shelly,  substance — the  iiys/ius. 

From  the  sides  of  the  mesosoma,  close  to  the  attachment 
of  each  mantle-lobe,  the  brancbire  project  into  the  paltial 
cavity. 

In  its  simplest  form,  the  branchia  of  a  I^mellibrnnch  con- 
sists of  a  stem  fringed  by  a  double  aeries  of  filaments  (e.  g., 
yucvta).     The  next  degree  of  complication  arises  from  these 
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filaments  becoming  as  it  were  doubled  upon  themselves  at 
their  free  ends,  the  reflected  portions  lying  on  the  outer  side 
of  the  outer,  and  on  the  inner  side  of  the  inner,  series  of 
primary  filaments.  But  the  free,  or  haemal,  ends  of  the  re- 
flected filaments  contract  no  adhesion  either  with  the  mantle 
on  the  outer  side,  or  with  those  of  the  opposite  gill  on  the 
inner  side.  Delicate  bands  stretch  from  the  primary  to  the 
reflected  filaments  across  the  interspace  which  they  inclose 

JMi/tilu8y  Pecten),  In  most  Lamellibranchs  the  gills  are 
our  elongated  plates,  each  of  which  is  in  fact  a  long  and 
narrow  pouch,  with  its  open  end  turned  toward  the  haemal 
face  of  the  body.  Twq  pouches  are  situated  on  each  side  of 
the  mesosoma ;  one  of  these  .pouches  is  internal,  the  other 
external.^  Their  walls  are  united  by  transverse  septa ;  they 
are  richly  ciliated,  and  are  perforated  by  numerous  apertures. 
As  the  outer  wall  of  each  pouch  is  united  with  the  mantle, 
and  the  inner  with  its  fellow  of  the  opposite  side,  behind  the 
foot,  the  whole  branchial,  apparatus  forms  a  sieve-like  parti- 
tion extended  between  the  mantle  and  the  foot  (Fig.  117), 
and  thus  divides  the  pallial  cavity  into  a  supra-branchial 
and  an  infra-branchial  chamber.  Inasmuch  as  the  hsenial 
edge  of  the  inner  wall  of  each  inner  branchial  pouch  is,  for 
the  greater  part  of  its  extent,  not  united  with  the  mesosoma, 
but  only  closely  applied  against  the  latter,  the  supra-bran- 
chial and  infra-branchial  chambers  may  communicate  by  the 
cleft  thus  formed,  as  well  as  by  the  apertures  in  the  lamellar 
walls  of  the  branchial  pouches.  The  anterior  part  of  the 
supra-branchial  chamber  is  divided  into  a  right  and  left 
cavity  by  the  interposition  of  the  mesosoma,  on  the  sides  of 
which  the  apertures  of  the  renal  and  generative  organs  are 
situated.  The  products  of  these  organs  therefore  readily 
pass  into  these  right  and  left  cavities.  The  posterior  part  of 
the  supra-branchial  chamber,  into  which  these  two  lateral 
divisions  open,  contains  the  termination  of  the  rectum,  and 
receives  the  faeces,  as  well  as  the  urinary  and  generative  prod* 
ucts :  it  is  therefore  a  sort  of  cloaca.  Its  external  opening  i^ 
usually  termed  the  anal  opening  of  the  mantle  cavity.  The 
margins  of  this  opening  may  be  produced  into  a  tube  which 
is  termed  the  anal  siphon.  In  front  of  the  anal,  or  rather 
cloacal,  opening,  the  margins  of  the  mantle  may  be  com- 
pletely disunited.     Very  frequently,  however,  they  are  con- 

>  The  eztenuil  giU-poucli  is  often  smaller  than  the  internal.    In  species  of 
Ludna^  Cgthtna^  and  leiUna^  only  one  gill-poach,  the  internal,  is  present, 
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joined,  so  as  to  leave  only  an  opening  for  tho  exit  of  (he 
foot,  and  another  behind  this,  \Ttiich  is  termed  the  brancliial 
opening.  The  edges  of  this  aperture  may  be  prolonged  into 
a  tube,  which  is  termed  the  branchial  siphon.  When  a  La- 
mptlibranch  is  in  its  natural  element  and  undisturbed,  the 
valves  of  the  Bhell  gape  sufSciently  to  allow  of  the  free  en- 
trance or  exit  of  water  to  or  from  the  pallial  cavity  ;  or,  when 
siphons  exist,  they  are  fully  protruded.  The  cilia  with  which 
the  branchiie  are  beset  nork  in  such  a  manner  as  to  drive  the 
water  from  the  infra-branchial  chftml>er,  through  the  open- 
ings of  the  branchiie,  into  the  supra-branchial  chamber.  From 
hence  its  only  way  of  exit  is  by  the  cloaca  and  the  anal 
siphon,  when  the  latter  exists.  ■  In  order  to  make  up  for  tlie 
water  thus  driven  out,  a  new  supply  of  water  enters  by  tho 
interspace  between  the  lobes  of  the  mantle,  which  bound  the 
infra-branchial  chamber,  or  by  the  branchial  siphon.  These 
currents  may  readily  bo  made  obvious  by  allowing  a  stream 
of  finely-divided  coloring  matter  to  pass  elowly  toward  the 
branchial  siphon  of  a  Lame  Hi  branch,  ft  will  be  seen  to  be 
swiftly  sucked  in,  and  after  a  very  short  time  a  colored  streatn 
will  flow  out  of  the  anal  siphon.  The  same  agency  brings 
the  nutritive  matters  suspended  in  the  water  within  reach  of 
the  labial  palpi,  by  which  they  are  guided  to  the  mouth. 

Whatever  form  the  branchiaj  may  possess,  they  are  sup- 
ported by  a  chitinous  skeleton,  in  the  form  of  a  partial  or 
complete  investment  to  the  transverse  branchial  vessels. 

Tho  mouth  is  bounded  by  lips,  tho  angles  of  which  are 
usually  produced  on  each  side  into  two  labial  palpi.  Some- 
times the  lips  are  represented  by  a  circular  fold  produced  into 
nnmeroua  tentaoula  (Peclen).     There  are  no  organs  for  the 

Crehension  or  mastication  of  food.  A  wide  and  short  ffuUet 
:ads  into  a  stomach  surrounded  by  the  liver,  which  consists  of 
numerous  cxca  united  into  ducts  which  open  into  the  stom- 
ach. Very  generally  a  diverticulum  ot  the  pyloric  end  of  the 
stomach  contains  a  transparent  rod-like  body — the  (^ryttallfne 
stylf. 

The  intestine  usually  makes  many  convolutions,  but,  finally 
renching  the  middle  line  of  the  dorsal  region  of  the  body,  it 
terminates  by  the  anus  in  the  posterior  part  of  the  pallial 
chamber.  The  heart  lies  in  the  region  traversed  by  the  termi- 
nation of  the  intestine.  It  consists  of  an  auricle  and  a  ventri- 
cle, or  of  a  ventricle  and  two  auricles,  or  may  be  divided  into 
two  separate  auricles  and  ventricles  {Area).  Aortic  tnmlci 
distribute  the  oolorless  blood  to  the  body,  whence  it  ia 
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to  a  large  median  venous  sinus;  from  this  it  passes  through  the 
walls  of  the  renal  organs  to  the  gills,  and  is  returned  from 
these  to  the  auricular  division  of  the  heart.*  Very  generally 
the  ventricle  invests  the  rectum,  but  in  Oatrcea^  Teredo^  and 
Anomiay  the  ventricle  is  quite  detached  from  the  intestine. 

The  renal  organs,  or  organs  of  Sojanua^  are  usually  two 
in  number,  often  more  or  less  united  together,  of  a  dark  color, 
situated  beneath  and  behind  the  pericardium  and  in  front 
of  the  posterior  adductor  muscle,  extending  forward  on  each 
side  of  the  mesosoma,  and  traversed  by  such  numerous  blood- 
channels,  that  they  have  a  spongy  texture.  The  walls  of  the 
cavernous  blood-sinuses  are  lined  with  cells  which  secrete  the 
urinary  matters  from  the  blood.  These  take  the  form  of  cal- 
careous concretions,  containing  uric  acid.  The  gland  commu- 
nicates at  one  extremity  with  the  pericardium  ;  at  the  other, 
it  either  opens  directly  on  to  the  surface  of  the  body,  or  into 
a  vestibular  cavity  which  has  an  external  aperture. 

In  Ostrcea  and  Teredo  the  renal  organ  seems  to  be  present 
in  only  a  very  rudimentary  form.' 

The  mesodermal  region,  between  the  endoderm  and  the 
ectoderm,  is  for  the  most  part  occupied  by  vascular,  connec- 
tive, and  muscular  tissues,  and  by  the  reproductive  organs, 
BO  that  there  is  no  large  perivisceral  space.  But  there  is — 
1.  The  large  median  sinus  already  mentioned,  which  receives 
the  blood  returned  from  all  parts  of  the  bodj',  and  is  com- 
monly termed  the  vena  cava.  2.  A  spacious  pericardial 
chamber  which  incloses  the  heart.  It  is  in  communication 
with  the  venous  system,  and,  consequently,  directly  or  in- 
directly, with  the  vena  cava.  3.  The  cavities  of  the  renal 
organs,  which  usually  freely  communicate  with  one  another, 
while  they  open  into  the  pericardium  on  the  one  hand,  and  on 
the  exterior  of  the  body  on  the  other.  4.  In  some  Lamelli' 
hranchiatay  canals  open  on  the  exterior  of  the  body,  especially 
on  the  surface  of  the  foot.  In  this  way  the  blood-system  is 
placed  in  direct,  though  circuitous,  communication  with  the 
surrounding  water.  These  so-called  water-vessels  communi- 
cate internally  with  the  venous  system,  of  which,  indeed, 
they  seem  to  form  a  part.  It  is  probable  that  all  these  cavi- 
ties, taken  together,  represent  the  perivisceral  cavity,  pallial 
sinuses,  and  pseudo-hearts  of  a  Brachiopod. 

>  The  circulatory  organs  of  the  fresh-water  Mussel  have  been  very  ftilly  de- 
scribed by  Langer.    (*"  Denksohriften  der  Wiss.  Akademie, "  1856  and  1868.  J 

*  8es^  lOT  the  structure  of  the  renal  organs  and  many  other  points  connected 
with  the  anatomy  of  the  ZameUihranehuOa,  the  series  of  valuable  papers  of  La- 
OMe-Dothiers.    ('*  Annales  des  Sciences  NatureUes,"  1854  to  1861.) 
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Strong  bundles  of  muscuUr  fibres,  osiull;  uiutri>ted,  pw 
trftosversely  from  one  valve  of  the  shell  to  the  other,  and 
bring  them  together ;   while  thcj  are  divaricated   by  tba 


Fio.  l\i.—Aneil(mta.—Viin\a}  Mid  tnniTena  ■acllon  of  the  bodr  tbroiuth  tba  bMItt 
/,  f  intricla :  7,  anrlclci ;  c,  ncUm:  p.  p cries rdlam ;  A,lsiisr,  <,  oDtarsul:  r.TM- 
elbolaor;,  tli*orKiiaotBu>iitu;  B,  root,  ^^1,  miuIlD  labet. 

elastic  reaction  of  the  ligament.  Of  such  adductor  muscles 
there  may  be  eitlier  one  or  two.  When  there  are  two  (IH- 
myaria),  the  anterior  adductor  lies  in  front,  and  on  the  li»- 
raat  side,  of  the  oesophagus;  while  the  posterior  adductor  lies 
in  front,  but  on  the  neural  side,  of  the  rectum.  Hence  the 
alimentary  canal,  as  a  whole,  lies  between  those  two  muscles. 
When  onlv  one  adductor  muscle  exists  (Monomt/aria),  it  is 
the  posterior. 

The  foot  is  retracted  between  the  valves  of  the  shell  by 
two  or  three  pairs  of  retractor  muscles,  of  whioh  the  anterior 
and  posterior  pairs  are  usually  attached  to  the  shell,  close  to 
the  anterior  and  posterior  adductor  impressions.  The  pro- 
traction of  the  foot  appears  to  be  effected  by  the  compression 
of  the  blood  by  the  intrinsic  muscles  of  the  walls  of  the  meso- 
Boma  and  of  the  foot  itself. 

Kach  lobe  of  the  mantle  is  attached  to  the  corresponding 
valve  of  the  shell  by  a  scries  of  muscular  fibres,  the  attaob- 
ments  of  which  give  rise  to  a  linear  impression,  whioh  mns 
from  one  adductor  to  the  other,  and  ooostitutes  the  paBi(d 
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line.  When  the  siphons  are  largely  developed  they  have  re- 
tractor muscles,  the  insertions  of  which  are  so  disposed  as  to 
cause  the  posterior  part  of  the  pallial  line  to  be  more  or  less 
deeply  curved  or  angulated.  Hence  the  distinction  of  iiitegrO' 
palliate  and  sinupaUiate  as  applied  to  Lamellibranchs  which 
have  the  pallial  line  evenly  rounded  or  notched. 

The  cerebral  ganglia  lie  at  the  sides  of  the  mouth,  and 
are  connected  by  a  commissure,  which  passes  in  front  of  it. 
They  give  branches  to  the  anterior  region  of  the  mantle,  to 
the  gills,  to  the  anterior  adductor  muscle,  to  the  labial  palpi, 
and  to  the  parts  about  the  mouth.  Thejoeo^^  ganglia  are  situ- 
ated in  the  foot ;  or  in  the  corresponding  region  on  the  neu- 
ral side  of  the  alimentary  canal,  when  no  foot  is  developed. 
Each  is  united  by  a  commissure  with  the  cerebral  ganglion  of 
the  same  side,  and  gives  off  branches  to  the  muscles  of  the 
foot.  The  pariet(h8planchnic  ganglia  lie  on  the  neural  face 
of  the  posterior  adductor  muscle.  The  long  commissures  which 
unite  them  with  the  cerebral  ganglia  usually  traverse  the 
renal  organ,  and  lie  beneath  the  floor  of  the  pericardium. 
Each  of  these  ganglia  gives  off  a  nerve  to  the  branchia  of  its 
side,  and  supplies  the  posterior  and  middle  part  of  the  man- 
tle. This  posterior  pallial  nerve  may  anastomose  with  the 
anterior  pallial  nerve  from  the  cerebral  ganglion.  The  gan- 
glia also  furnish  nerves  to  the  posterior  adductor  muscle,  to 
the  heart,  to  the  rectum,  and  to  the  muscles  of  the  siphons, 
when  the  latter  are  present.  Eyes  are  never  developed  in  the 
cephalic  region  of  the  Lamellibranchs,  but,  in  many  (e.  g., 
Pecten)^  numerous  simple  eyes  terminate  papillae  of  the  mar- 
gins of  the  mantle.  Auditory  sacs  are  almost  invariabljr  at- 
tached by  longer  or  shorter  peduncles  to  the  pedal  ganglia. 

The  Lamellibranchiata  are  usually  dioecious,  but  some- 
times hermaphrodite '  (e.  g.,  Cyclas,  some  species  of  Cardium 
and  Pecten,  Ostroea^  Clavacella^  and  Pandora),  The  genera- 
tive organs  are  ramified  glands  of  simple  structure  and  simi- 
lar in  both  sexes,  the  ducts  of  which  open  into,  or  close  to, 
the  renal  organs. 

The  process  of  yelk-division  *  usually  gives  rise  to  smaller 

*  Tho  testes  and  ovaria  are  distinct  in  the  hermaphrodite  Pictines.  In  Car- 
dium  •erratum^  ac^acent  cecca  of  the  sexual  gland  contain  spermatozoa  or  ova, 
or  both  products  maj  be  developed  in  the  same  cajcum.  In  the  common  Oys- 
ter the  genital  ctcca.  m  any  given  individual  are  found  to  be  cither  almost  all 
ovigcrous  or  almost  all  spermigerous ;  and  it  appears  probable  that  the  pre- 
dominantly male  precedes  the  predominantly  female  condition.  Stt  Lacaze- 
Duthiers,  *"  Organes  g^nitaux  des  Ao^phalcs  Lamellibranches."  ("  Annales 
des  Sciences  Naturelles"  1854.) 

•  8u  Lov^n,  Arehivfur  NaiurgesehicMe,  1849.  De  Quntrefoges,  "  Memoires 
sur  VEmbryogenie  desTarets."   ("  Annales  des  Sciences  Naturelles,"  1849.) 
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and  larger  blaBtoni(>re3,  of  nhich  tlie  former,  us  nn  epiblost, 
invest  the  latter  lis  a  hypoblaBt,  At  the  cephalic  end  of  ihe 
embryo  of  most  Lame Ili bra nclis,  a  velum,  or  disk  with  ricblr 
oiliated  edges,  and,  usually,  a  central  tuft  of  longer  cilia,  u' 
formed.  On  the  dorsal  face  of  the  embryo  the  iategumciil 
rises  inio  a  patch  with  raised  edges,  which  is  the  rudiment  of 
the  mantle.  The  separation  of  the  shell  into  two  valvea, 
united  by  an  uncalcified  hinge,  must  probably  be  ascribed  to 
tho  manner  in  which  the  calcareous  matter  subscqueRtly 
added  to  the  shell  ia  deposited.  The  foot  appears  asn  median 
oiitgronth  of  the  neural  face  of  the  embryo  behind  the 
mouth.  The  branchife  have,  at  first,  the  form  of  separate  fila- 
mentous processes,  which  are  developed  from  the  roof  of  the 
anterior  part  of  the  pallial  cavity,  at  ibe  point  of  junction  of 
the  mantle  with  the  mesosoma,  and  gradually  increase  Jn 
number  from  before  backward.  In  those  Lamellibrancfaa 
which  have  pouchlike  gills,  it  appears  that  the  processes 
which  are  first  formed  become  the  outer  lamella  of  the  inner 
gill-plate,  their  free  ends  uniting  together;  the  inner  lamella 
of  this  plate  is  produced  by  the  upgrowth  of  a  thin  lamina, 
which  subsequently  becomes  perforated,  from  the  united  ends 
of  these  processes.  The  inner  lamella  of  the  outer  gill  i» 
formed  of  branchial  processes,  which  grow  out  from  the  at 
tacfaed  ends  of  the  first  set  ;  and  the  outer  lamella  of  tbie  gill 
is  produced  in  the  same  fashion  as  the  inner  lamella  of  the 
inner  gill.' 

Recent  observations  tend  to  show  that  in  these,  as  in 


other  Invertehrata,  the 
growths  of  the  epiblast. 
The  simplest  form  of 
ata  has  been  obsen'ed 
cleavage,  the  vitellus  is  i 
lomeres.      Tlie  morula  thi 


ganglia 


'  modified  in- 


Bveloproent  of  the  LamtUibrancki- 
a  Pisidium.*  By  the  proeeas  0/ 
fided  into  a  number  of  equal  bias* 
IB  formed  undergoes  invagiuation, 
and  is  converted  into  a  gastrula.  The  blastopore,  or  aperture 
of  invagination,  closes,  and  the  epiblast,  or  ectodermal  layer 
of  the  embryo, growing  mudi  faster  than  the  hypoblast,  or  cn- 
Hodcrmal  layer,  the  latter  forms  a  smaU  shut  sac,  ibe  primi- 
tive alimentary  sac  (or  archentcron)  attached  to  one  point  of 
the  inner  surface  of  the  much  larger  ectodermal  sac.     The 

'  LncuB-Dathiere,  "  Sor  le  develop  pcment  dcs  bmncbUa  ilcs  Mollnaqim 
nciphalo*  LRmellibriinchM."   ("  AlinalcB  des  ScienceB  Naturfllos."  4,  iv.) 
*  Lwikciter.  "  On  ihe  DevolopinentiJ  HUtory  of  the  Mollueea."    ("  PM. 
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mesoblastic  cells  appear  to  be  derived  both  from  the  epiblast 
and  the  hypoblast. 

The- mouth  is  formed  by  a  depression  of  the  ectoderm  at 
the  anterior  end  of  the  body,  which  grows  toward  and  opens 
into  the  archenteroD.  The  anus  is  developed  at  the  opposite 
end,  in  the  region  of  the  primitive  invagination.  On  the 
neural  face  of  the  embryo  the  foot  grows  out,  while  the  mantle 
appears  on  the  opposite  face  ;  and,  in  the  centre  of  the  man- 
tle, a  transversely  oblong  depression  lined  by  elongated  cells 
is  the  '^  shell  gland."  In  the  median  line  this  answers  to  the 
ligament,  and,  at  the  sides,  to  the  middle  region  of  the  future 
valves  of  the  shell ;  but  the  precise  share,  if  any,  which  it 
takes  in  the  formation  of  these  parts  does  not  appear.  Plsi- 
dium  has  no  velum. 

The  development  of  one  of  the  fresh-water  Mussels  (Uhio 
pictorum)  has  recently  been  worked  out  very  fully  by  Rabl.' 
The  yitellus  divides  into  two  unequal  masses,  of  which  the 
larger  is  termed  by  Rabl  the  ''  vegetative  "  and  the  smaller 
the  "  animal "  cell — somewhat  inconvenient  names,  which  may 
be  replaced  by  *'*  macromere'*'*  and  ^^  micromere,'^'*  Each  of 
these  becomes  subdivided,  partly  by  ordinary  fission,  partly, 
as  in  the  case  of  the  macromere,  by  a  process  of  budding,  into 
blastomeres,  of  which  those  which  proceed  from  the  macromere 
long  remain  larger  and  more  granular  than  those  which  pro- 
ceed from  the  micromere.  The  blastomeres  arrange  them- 
selves into  a  hollow  sphere — the  blaatospJiere,  This  is  a  vesic- 
ular morula,  composed  of  a  single  layer  of  blastomeres,  of 
which  those  of  one  hemisphere  have  proceeded  from  the  micro- 
mere,  and  those  of  the  other  from  the  macromere.  Two  blas- 
tomeres of  the  macromeral  hemisphere  remain  much  larger 
than  the  rest.  The  macromeral  hemisphere  next  undergoes 
invagination,  and  its  invaginated  part  becomes  the  hypoblast. 
The  two  large  blastomeres  just  mentioned,  which  are  disposed 
symmetrically,  one  on  each  side  of  the  median  plane  at  the 
anterior  margin  of  the  area  of  invagination,  become  inclosed 
between  the  hypoblast  and  the  epiblast,  and  by  their  division 
give  rise  to  the  mesoblast.  This  last,  therefore,  may  be  re- 
garded as  an  indirect  product  of  the  hypoblast. 

The  endodermal  sac  formed  by  the  hypoblast  now  loses  its 
connection  with  the  region  of  the  embryo  of  which  it  is  an 
invagination,  and  applies  itself  to  the  anterior  wall  of  the 
body,  where  an  involution  of  the  ectoderm,  which  gives  rise 

1  C.  Babl,  **  Ueber  die  EDtwickelimgsgeschichte  der  Malermuschelf'*  Jena, 
1876. 
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to  the  oral  cavity,  takes  plnce.  The  greater  part  of  tbe  meso- 
blastic  cells  become  tlie  adductor  muscle,  wliich  is  at  first  sin- 
gle and  answers  to  the  posterior  adductor  of  the  adult.  Tliere 
seems  to  be  no  shell  gland.  Tiie  siiell  appears  a,[  first  ita  s 
membranous  cutioula,  continuous  from  side  to  side,  and  ther^ 
f[)re  undivided  into  two  valves.  Subsequently  it  becomes 
calcined  and  bivalve.  The  byssus  gland  is  developed  as  an 
involution  of  the  octoderm  at  the  posterior  end  of  the  body; 
and  tlie  ventral  hemisphere,  or  that  opposite  the  sbell,  be- 
comes divided  by  a  deep  median  fold  into  tbe  two  lobes  of  the 
mantle  on  wbich  the  characteristic  pencil-like  papillic  appear. 
Ill  front  of  the  rudimentary  mouth  are  two  ciliated  depree- 
Biona  of  the  eotodonn,  which  are  possibly  the  rudiments  of  tbe 

In  ifnio  and  Anodonta  the  young  are  hatched  in  the  outer 
gill  pouches  of  the  parent,  from  which  they  are  so  dissimilar 
that  they  were  at  one  time  considered  to  be  parasites  (  Glocfii- 
dium).  The  valves  of  the  shell  are  triangular,  and  iiBve  in- 
ctirvefi  and  serrated  apices,  by  the  help  of  which  the  larvie, 
after  they  leave  the  parent,  attach  themselves  in  fishes  and 
other  flouting  bodies.  In  this  position  they  undergo  n  sort  of 
metamorphosis,  and  eventually  fall  olT  and  sink  to  the  bottom 
as  minute  fresh-water  Mussels. 

On  comparing  the  Latnellibranchiata  with  ttie  Braehio- 
poda,  it  is  obvious  that  the  two  have,  in  common  with  one 
another  and  with  the  Antieliifa,  the  ciliated  or  veli^roas 
larval  form.  If  the  shell  gland  is,  aa  Mr.  Lankester  sug^eata, 
the  homologue  of  the  peduncular  gland  of  Lo^osoma  and  of 
tbe  Brachiopod  larv»,  it  follows  that  the  peduncle  of  the 
Braehiopod  corresponds  with  the  centre  of  the  pallial  surface 
of  the  Lamellibranch,  and  that  the  so-called  dorsal  and  ven- 
tral lobes  of  the  mantle  in  the  Brachiopod  correspond  with 
the  anterior  and  posterior  halves  of  the  mantle  in  the  Lamel- 
libranch. The  Brachiopod  hinge  will  therefore  be  transversa 
to  the  axis  of  tbe  body,  while  the  Lamellibranch  hinge  ts 
parallel  with  it.  If  this  comparison  be  just,  liowever,  the 
three  segments  of  the  Brachiopod  larva  cannot  answer  to  the 
segments  of  an  Annelid  larva,  but  the  two  posterior  sejj- 
menta  of  the  Brachiopod  larva  must  represent  an  outgrowth 
of  the  hasmal  side  of  the  body;  and  this  would  correspond 
vci'y  well  with  the  arrangement  of  the  intestine  in  the  arti^ 
ulated  Jirachiopoda. 

In  the  simplest  forms  of  the  Lamellihranchiata,  as  7W- 
gonia,  JVucuto,  and  PecUn,  the  mantle-lobes  are  all 
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completely,  disunited  from  one  another  and  from  the  branchiae, 
and  the  latter  are  either  simple  plumes  or  have  undergone 
but  little  modification.  The  haemal  face  of  the  body  is  short 
relatively  to  its  vertical  height. 

In  most  Lamellibranchs  the  haemal  face  of  the  body  is 
longer ;  the  gills  are  lamellar,  and  the  mantle-lobes  are  united 
with  one  another  and  with  the  gills,  so  as  to  separate  a  supra- 
branchial  from  an  infra-branchial  chamber  (Anodonta).  In 
yet  others,  the  posterior  margins  of  the  mantle  are  produced 
backward  into  short  siphons,  but  the  mantle-lobes  remaiD 
separate  for  the  rest  of  their  extent  ( Cardium) ;  in  others, 
the  siphons  are  greatly  elongated  and  the  ventral  margins  of 
the  mantle-lobes  unite,  so  as  to  leave  only  a  small  median 
aperture  for  the  foot  (Pholas).  In  the  most  modified  forms, 
the  body  becomes  more  and  more  elongated,  until,  in  Teredo^ 
it  is  completely  vermiform,  and  the  valves  of  the  shell  cover 
but  a  very  small  portion  of  the  body. 

The  foot  is  wanting  as  a  distinct  structure  in  Ostrcea ; 
while  in  Cardium  and  Trigonia  it  is  a  large  muscular  organ, 
by  the  aid  of  which  the  animal  is  able  to  leap  for  some  dis- 
tance. The  byssus  may  be  present  in  the  young  and  absent 
in  the  adult  (e.  g.,  Anodonta).  It  may  have  the  form  of  strong 
chitinous  filaments  {Mytilus),  or  of  a  plate  of  homy  or  shelly 
texture  {Arca^  Anomia).  The  inequality  of  the  valves  at- 
tains its  maximum  in  the  Hippuritidce,  in  which  one  valve 
may  have  the  form  of  a  long  cylinder,  or  cone,  while  the  other 
is  a  flattened  plate. ^ 

The  shells  of  Lamellibranchs  are  among  the  most  abun- 
dant of  fossil  remains  in  all  epochs  of  the  world's  history.  In 
the  Palaeozoic  formations,  however,  the  proportion  of  these 
mollusks  relatively  to  the  Brachiopoda  is  the  reverse  of  what 
obtains  at  the  present  day,  the  latter  being  very  numerous, 
while  the  Lamellibranchs  are  comparatively  scanty.  The  in- 
tegropalliate  are  far  more  numerous  than  the  sinupalliate 
forms  in  the  older  rocks.  The  HippuritidcB  of  the  Cretaceous 
epoch  is  the  only  family  of  ancient  Lamellibranchs  which  is 
extinct  at  the  present  day,  and  the  only  one  which  diverges 
to  any  considerable  degree  from  existing  forms. 

The  Odontophora. — In  the  Mollusks  which  belong  to 
this  division,  the  mantle,  always  present  in  the  newly-hatched 
young,  may  abort  in  the  adult  condition.     It  is  never  divided 

>  For  an  excellent  account  of  the  LanUUibranohiata  from  the  oonchologloal 
tide,  9H  Woodward's  ''  Manual  of  the  MoUoBca.'* 
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into  two  lobes,  though  it  may  be  slit  or  perforated  where 
it  forms  the  wall  of  the  branchial  chamber  {Saiiods,  J"!*- 
aaretla). 

Very  geoeraliy,  the  prosoina  bears  tentacula  ajQil  ejes; 
aail  a  distinct  head  being  thus  recognizable,  these  MoUosks 
Imve  been  named  Cephalophora,  in  coDtradistinctioa  to  the 
acephalous  Lameliibrunchs  and  Brachiopods. 

The  mantle  oommonlj  gives  rise  to  a  shell,  whiuh  may 
either  be  a  more  or  leas  calcified  cuiicular  product  of  the  epi- 
dermis, covering  the  outer  surface  of  the  mantle,  when  it 
constitutes  an  external  shell,  as  in  the  LamelHbranchiata 
and  Brnchiopoda ;  or  it  may  be  developed  within  a  skc  in 
the  interior  of  the  mantle,  aa  an  interniil  shell.  In  neither  of 
these  cases  is  it  ever  a  bivalve  shell  divided  into  two  latenl 
portions.'  Usually  it  is  in  one  piece  (univalve),  but  in  one 
group,  tlie  Chitonidie,  it  consists  of  a  number  of  pieces  (not 
exceeding  eight),  arranged  in  longitudinal  series  along  the 
middle  line. 

Ualcarcons  matter  is  very  commonly  diffused,  in  the  form 
of  granules,  through  the  connective  tissue,  and  often  taken 
the  form  of  spioula  (e,  g.,  Doris). 

The  mesosoma  is  general  ly  prolonged  into  a  muscular  Ibot, 
whioh  may  be  provided  with  lateral  appendages,  the  epipodi^ 
And,  on  tne  haemal  aspect  of  the  posterior  portion  of  the  foot, 
a  ohitinDUS  or  shelly  plate,  termed  the  operculum,  may  be 
developed.  This  opercidumi  appears  to  bo  the  analogue,  if 
not  the  homoSogue,  of  the  byasus  of  the  Lam  el  ii  branch  b,  and 
is  certainly  not  homologous  with  either  of  the  valves  of  the 
shell  of  the  latter,  which  are  pallial  structures.  The  edge  of 
the  mantle  forms  a  free  fold  which  nearly  or  entirely  sur- 
rounds Xhe  mesosoma;  and  in  one  genus,  Dentalium,  the 
margins  of  the  mantle  unite  for  the  greater  part  of  their 
leiigth  :  in  all  the  rest  they  lemain  free,  A  space  is  inclosed 
between  the  lobes  of  the  mantle  and  the  mesosoma.  Usually 
this  space  is  much  larger  on  one  face  of  the  body,  and  ooi^ 
atitutes  the  pallial  chamber.  As  a  rule,  the  brancbi^  aro 
lodged  in  this  chamber,  and  the  anus  opens  into  it. 

In  a  very  few  Odontophora^  the  symmetry  of  the  body  ia 
undisturbed;  that  is  to  say,  the  mouth  and  the  anus  are  situ- 
ated at  opi>osite  ends  of  the  axis  of  the  body,  and  the  hsmat 

^  'The  sinpjltir  bivalve  iiiatpB.  tormed  Aptyehia,  which  oeour  in  the  AfKBi^ 
nttida,  whatever  theit  naturo  raay  be.  nro  obviously  not  homolnROUB  with  liia 
Bbell  of  ordioar;  Uolliulu,  which  i«  represented  b;  the  oti«aib«re<l  fthaU  of 
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face  is  not  produced  into  a  visceral  sac  (e.  g.,  Chiton^  Dentor 
Hum).  But|  in  the  great  majority,  such  a  visceral  sac  is 
formed.  In  the  Cephalopoda  it  coexists  with  bilateral  sym- 
metry, inasmuch  as  the  mantle  and  the  anus  lie  in  the  plane 
which  divides  the  body  into  two  similar  halves.  But,  in  most 
Odontophora^  the  anus  is  twisted  to  one  side  (usually  the 
right),  and  in  many  it  is  situated,  together  with  the  pallial 
chamber  in  which  it  is  contained,  on  the  anterior  face  of  the 
body. 

The  mouth  lies  at  the  anterior  end  of  the  body,  on  the 
haemal  side  of  the  anterior  part  of  the  foot  (except  in  the 
Cephalopoda),     It  may  be  provided  with  variously-disposed 

J'aws,  or  cutting-plates,  of  a  ohitinous  or  calcified  substance. 
3ut  the  structure  which  is  most  characteristic  of  the  Odon- 
tophora^  and  which  is  absent  in  only  very  few  genera  (e.  g., 
TethySy  Doridium^  Rhodope)^  is  a  peculiar  rasping  and  some- 
times prehensile  apparatus,  the  odontophore,  or,  as  it  is  often 
termed,  the  tongue,  which  is  attached  to  the  floor  of  the  mouth 
(Figs.  119, 120). 

This  apparatus  consists  of  a  skeleton;  of  a  subradular 
membrane^  which  is  continuous  with  the  lining  of  the  oral 
cavity ;  of  the  radula ;  and  of  intrinsic  and  extrinsic  mus- 
cles. 

The  skeleton  is  composed  of  two  principal  masses  of  par- 
tially fibrous,  or  completely  cartilaginous,  tissue  {odonto- 
phoral  cartilages) y  which  may  be  more  or  less  confluent,  and 
are  further  united  together  in  the  middle  line  by  fibrous  and 
muscular  tissue.  Their  anterior  ends  and  oral  faces  are  free 
and  smooth,  and  are  usually  excavated  so  as  to  present  a 
trough-like  surface  to  the  subradular  membrane,  which  rests 
upon  them.  Accessory  cartilages  may  be  added  to  these. 
Behind,  the  subradular  membrane  is  continued  into  a  longer 
or  shorter  sac,  lined  by  a  continuation  of  the  buccal  epithe- 
lium. The  radula  is  a  cuticular  chitinous  product  of  the 
epithelium  of  the  subradular  membrane.  It  is  armed  with 
tooth-like  processes  arranged  in  one  or  many  series ;  and  ad- 
ditions are  constantly  being  made  to  its  posterior  end,  which 
is  lodged  in  the  sac  of  the  subradular  membrane.  Thus  the 
teeth  Are  replaced  from  behind,  as  fast  as  they  are  worn  away 
by  friction  against  the  food  which  they  rasp,  at  the  anterior 
end  of  the  ribbon. 

The  intrinsic  muscles  of  the  odontophore  are  attached,  on 
the  one  hand,  to  the  posterior  and  under  faces  of  the  odonto- 
phond  cartilages,  and^  on  the  other,  to  the  subradular  mem- 
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brtrne,  some  being  inserted  into  iis  poatenor  nnd  laterftl  per- 
tiona,  dud  others  into  its  anterior  extremity,  after  it  bu 
turned  over  the  anterior  extremities  of  the  priacipal  c&rtilagea,    , 


f^wA 


tto-  llD.—BTUeSnum  tmda 
nil  oritie  Uokftisci/-)  " 


(Woodwim,  Ibid. 


Certain  of  the  muscular  bundles  are  also  attacbed  to  the  tore- 
part  of  the  odontophoral  cartilages  themselves.  The  con- 
traction of  these  muscles  must  tend  to  eause  the  subrndular 
membrane,  and  with  it  the  radula,  to  travel  backward  and 
forward  over  the  ends  of  the  cartilages  in  the  fashion  of  a 
chain-saw,  and  thus  to  rasp  anybody  apa'nst  which  the  teeth 
may  be  applied.  When  undisturbed,  the  radula  is  concara 
from  side  to  side,  and  the  teeth  of  the  laleral  series,  being 
perpendicular  to  the  surface  to  which  they  are  attacbed,  atv 
inclined  inward  toward  one  another.  But  when  the  intrinaio 
muscles  come  into  action,  the  radula,  as  it  posses  over  the 
ends  of  the  cartilages,  becomes  flattened,  and  the  lateral  teeth 
are  consequently  erected  or  divaricated.  The  extrinsic  mus- 
cles pass  from  the  odonlophore  to  the  lateral  walls  of  tha 
head,  and  protrsot  or   retr&ct  the  whole  apponttus. 
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may  give  the  protruded  extremity  of  the  radula  a  licking  mo- 
tion,  which  is  quite  independent  of  the  chain-saw  action  due 
to  the  intrinsic  muscles/ 

The  odontophore  is  developed  very  early,  and  it  would  be 
interesting  to  know  whether  it  exists  in  the  young  of  those 
few  OdorUophora  in  which  it  is  wanting  in  the  adult  state.     . 

Salivary  glands  are  very  generally  present  in  the  Odonto- 
phora*  and  the  liver  is  usually  large. 

As  in  the  Mollusca  in  general,  the  blood-corpuscles  are 
colorless  and  nucleated.  The  blood  plasma  is  red  in  Pin- 
norbis. 

The  heart  may  be  wanting  {Dentalium)^  or  it  may  resemble 
that  of  the  Lamellibranchs  in  having  two  auricles  ( Chiton^ 
Saliotis)^  and  even  in  being  perforated  by  the  rectum  {Ha- 
liotlsj  Turbo^  Nerita) ;  most  commonly  it  consists  of  a  single 
auricle  and  a  single  ventricle.  In  the  Cephalopods,  it  is  hard 
to  say  whether  the  two  or  four  branchio-cardiac  trunks  which 
open  into  the  ventricle  should  be  regarded  as  veins  or  as 
auricles.  An  accessory  "  portal "  heart  has  been  described 
in  Doris^  Special  respiratory  organs  may  be  wanting,  their 
place  being  taken  by  processes  of  the  body,  or  by  the  walls 
of  the  mantle  cavity,  or  by  the  general  surface. 

The  branchiae,  when  present,  are  numerous  lamellar  pro- 
cesses, or  from  one  to  four  plume-like  gills.  Atrial  respira- 
tion is  effected  by  the  walls  of  a  pulmonary  sac,  which  is  a 
modification  of  the  pallial  cavity. 

The  presence  of  renal  organs,  in  the  form  of  one  or  more 
sacs  situated  close  to  the  heart,  open  to  the  exterior  on  one 
side,  and,  on  the  other,  in  relation,  usually  by  means  of  a 
glandular  structure,  with  the  returning  current  of  blood,  is 
very  general ;  and,  in  many  cases,  these  renal  sacs  communi- 

» In  my  memoir  "  On  the  Morphology  of  the  Ccphaloas  Mollusca  "  ("  Phil. 
Trans./'  1852)  I  described  the  chain-saw  action  of  the  odontophore,  as  I  ob- 
served it  in  the  transparent  Flroloidea  and  ^^i»to,  while  living.  But,  as  Tro- 
schel  has  remarked  in  his  excellent  monograph  (^*  Das  Gebiss  der  Schnecken,** 
erste  Lieferung,  pj>.  19,  20,  1856  )j  I  did  not  sufficiently  dwell  on  the  frequency 
and  importance  or  the  lickmg  action  produced  by  the  extrinsic  muscles.  I  am 
still  of  opinion,  however,  that  this  action  cannot  be  rightly  described  as  a 
movement  of  the  radula  following  secondarily  upon  that  of  the' cartilages,  inas- 
much as  it  is  a  motion  of  the  whole  odontophore.  On  the  other  hand,  it  may 
be,  as  has  been  sugi^ested  to  me  by  Mr.  Oeddcs— who  at  my  suggestion  has 
undertaken  a  reSxamination  of  the  structure  of  the  odontophore — that  the  flex- 
ure of  the  anterior  ends  of  the  odontophoral  cartilages,  by  the  intrinsic  mus- 
cles inserted  into  them,  plays  an  important  part  in  the  motion  of  the  radula. 

*  In  Dolium  the  salivary  secretion  contams  f^e  sulphuric  acid. 

*  Uanoock  and  Embloton,  *'  On  tho  Anatomy  of  I>ori8."  C*  PhiL  Trans.,*' 
1853.) 


cate  directly  with  the  blood  sinuses  tlirough  the  pericoidium. 
In  many  Pteropods  and  Heterapods  they  arc  rbytlimically 
COD  tractile. 

As  in  tbe  LamiiUibrnnchiata,  so  in  many  Odontophom, 
simple  or  branched  canals  traverse  the  substance  of  tbe  fool 
and  open  externally  by  a  more  or  less  conspicuous  pore,  \rhich 
is  usually  situated  upon  its  inferior  face.  These  aipiiferovt 
canals,  as  they  have  been  termed,  appear,  in  many  coses,  to 
open  by  tbeir  inner  ends  into  the  bloud  sinuses,  and  thus  to 
establish  a  direct  communication  between  tlie  blood  and  the 
surrounding  water.  In  species  of  Pyrula,  Agassiz  found  that 
colored  fluids  injected  into  the  pore  passed  into  and  filled  the 
blood-vessels  generally.  But  it  may  be  doubted  whether 
these  canals  should  be  regarded  as  a  special  system  of  ves- 
sels, rather  than  as  blood  sinuses  which  open  externally. 

The  arrangement  of  the  centres  of  tbe  nervous  system  in 
Dentalium'  most  nearly  approaches  that  which  exists  in  tbe 
Lamembranchiata.  Two  cerebral  ganglia  lie  close  together 
on  the  haemal  side  of  the  oesophagus.  A  long  commiasmal 
cord  connects  each  of  them  with  one  of  the  pedal  ganglia, 
which  are  also  closely  united.  A  second  long  commissare 
pusses  backward  from  the  cerebral  ganglia,  and  often  presents 
a  ganglionic  enlargement  at  its  origin.  It  unites  with  one  of 
two  ganglia,  situated  close  to  the  anus,  and  connected,  in 
front  of  it,  by  a  rather  long  transverse  commissure.  The 
nerves  distributed  to  the  posterior  half  of  the  mantle  are 
given  off  from  these  ganglia,  and  those  to  its  middle  region 
from  the  anterior  end  of  the  commissure  or  its  ganglionic  en- 
lai^ement.  There  seems  no  reason  to  doubt  that  the  ganglia 
close  to  the  anus,  together  with  the  ganglionic  enlargements 
at  the  anterior  ends  of  the  commissures  which  connect  them 
with  the  cerebral  ganglia,  correspond  with  the  pnrioto- 
splanchnic  ganglia  of  the  Lamellibranchs,  and  that  the  cere- 
bral and  pedal  ganglia  are  tbe  homologues  of  those  ao  named 
in  the  latter  Mollusks. 

In  addition  to  this  approximation  of  pait  of  the  gangli- 
onic mass  of  the  parieto-s|ilanchnic  system  to  the  cerebral 
ganglia,  DeiUalium  differs  from  the  Lamellibranchs  and  re- 
sembles other  Odontophora,  in  the  possession  of  a  system  o( 
ftucco/ nerves,  which  arise  from  the  cerebral  ganglia,  and  in 
which  minute  ganglia  are  developed.     The  nerves  which  pro- 

■  Stt  Lacaze-DnChlert,  "  OrgMiiution  du  Dentds." 
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ceed  from  the  buccal  ganglia  are  distributed  to  the  odonto- 
phore  and  its  muscles. 

In  other  Odontophora^  the  two  cerebral  and  two  pedal 
ganglia,  with  their  commissures,  are  always  to  be  recognized  ; 
but  the  number  of  the  ganglia  which  represent  the  parieto- 
splanchnic  system  may  be  increased,  and  the  anterior  ganglia 
of  this  system  may  attain  a  large  size^  and  may  come  into 
close  relation  not  only  with  the  cerebral  but  with  the  pedal 
ganglia. 

In  IJymnceua  paluatris^^  for  example,  there  are  five  such 
ganglia  situated  close  to  the  cerebro-pedal  ring.  The  most 
anterior  of  these,  on  each  side,  is  united  with  both  the  cere- 
bral and  the  pedal  ganglion  of  its  side,  and  appears,  indeed, 
like  an  enlargement  upon  a  second  commissure  between  those 
two  ganglia.  The  ganglia  which  constitute  the  second  pair 
are  united,  in  front,  by  a  short  commissure,  with  the  preced- 
ing; and,  behind,  with  the  fifth  or  azygos  ganglion.  The 
second  pair  of  ganglia  give  off  the  nerves  to  the  right  and 
left  sides  of  the  mantle  respectively. 

In  Idmax^  and  apparentl}*  in  the  terrestrial  Pulmonata 
generally,  the  arrangement  is  essentially  the  same,  except 
that  all  the  ganglia  of  the  parieto- splanchnic  system  coalesce 
into  one  mass,  between  which  and  the  pedal  ganglia  the  aorta 
passes. 

In  Haliotis^  on  the  other  hand,  while  the  anterior  parieto- 
splanchnio  ganglia  are  situated  close  to  the  pedal  ganglia, 
and  are  connected  with  them  and  with  the  cerebral  ganglia 
in  such  a  manner  as  to  give  rise  to  an  apparent  second  cere- 
bro-pedal  commissure,  the  ganglia  which  represent  the  second 
pair  in  IJymnastiB  are  situated  at  the  base  of  the  branchiae, 
and  are  united  by  a  long  commissure  with  one  another,  and 
also  with  the  anterior  paricto-splanchnic  ganglia.  Of  the 
latter  commissures,  that  from  the  left  branchio-pallial  gan- 
glion goes  to  the  right  anterior  parieto-splanchnic  ganglion, 
and  vice  versd. 

With  respect  to  the  position  of  the  cerebral  and  pedal 
ganglia  in  the  OdontophorOy  the  commonest  arrangement  is 
that  in  which  the  cerebral  ganglia  are  supra-oesophageal,  and 
are  connected  by  two  longer  or  shorter  commissures,  on  each 

» Compare  Lacaze-Duthiere,  **  Du  BvetAme  nerveux  dee  MolluRques  gas- 
t^ropodes  pulmonis  aquatiques  "  ("  Arch,  de  Zoolo^jrie,"  1872),  and  tha  numer- 
ous flgureft  of  the  arrangement  of  the  cerebral  ganglia  of  the  nervous  system 
given  in  his  memoir  on  the  otoovsts.    (Ibid.) 

*  Bee  Laoaze-Duthiers,  "  Bur  le  systeme  nenreuz  de  HalioUde.*' 
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^de,  with  the  pedal  and  anterior  pariebxplanohmo  gmiig&, 
both  of  which  are  inira-  or  poBtKeoophageaL  But  in  mu^ 
caseB  (most  NudibranehiaUt)  the  peas]  and  puieto-ntlandF 
nio  ganglia  are  approximated  to  the  oerebnd  moglu  (tba 
latter  beine  supra-cesophageal),  and  are  united  by  loii|f  anb* 
oesophageal  commissures.  Id  others,  as  in  moet  JYerepoda, 
the  pedal  and  parieto-splanchnieeanglia  aresub-oeeopba^eal; 
while  the  cerebral  gan^ia,  brought  close  to  them,  are  united 
b;  a  supra-ceBophageaf  commissure. 

Accessory  ganglia  are  frequently  developed  in  tbe  reeioo 
of  the  heart  and  branchite,  on  the  nerrea  of  tbe  paneto- 
aplanchnic  system. 

A  oompUcated  system  of  visceral  nerres  is  distribnted 
over  the  whole  len^h  of  the  alimentary  canal,  tbe  genital 
organs,  and  various  parts  of  the  vascalar  ajBtnn,  in  many 
OdontopAora.^ 

Two  auditory  veaiclea  usually  exist,  and  verr  generaQj  ap- 
pear to  be  sessile  upon  the  pedal  ganglia.  Id  the  Meteropoda, 
ID  mvay  Nudibranchiata,as  shown  by  Hancock,  and  in  nu- 
merous genera  of  Branchio-  and  JPulmo-gatleropoda,  which 
hare  been  carefully  examined  by  Lacaze-Dutbiers,*  hovever, 
there  seems  to  be  no  doubt  that  the  auditory  Derree  arise 
from  the  cerebral  ganglia,  even  though  the  vesicles  may  be 
situated  close  to  the  pedal  ganglia. 

Olfactory  organs  certainly  exist  io  the  Cephalopoda  in 
the  form  of  saccular  involutions  of  the  integument  near  the 
eyes ;  and  it  is  very  probable  that  the  integument  of  tbe  ten- 
tacula,  or  of  the  lips,  may  subserve  tbe  same  function  in  tbe 
Gasteropods. 

Eyes  are  generally  present,  and  are  limited  to  two,  situ- 
ated in  the  head.  They  resemble  the  vertebrate  eye  in  struct- 
ure, so  far  as  they  possess  a  concave  retinal  expansion,  and 
usually,  in  front  of  this,  a  vitreous  humor,  lens,  and  cornea. 

■  ^  eipecUlly  Hnneock  and  EmbletoD,  " Tbe  Anatom; of  Doria."  ("PhiL 
Train.,"  1852.) 

•  "  OIocjbMb  dca  MoUuiqiieB."  ("  Arohivee  de  Zoologie  EipfriineDUlc," 
IBTS.)  In  tbe  memoir  the  origin  or  the  HOouelic  nerres  Axini  the  oerebnl 
ganglia  is  dctennitied  in  ao  tataj  Pulmo-gaittropoda  (Zimoz,  Arien,  Tiiftiedh, 
Vlautilia,  Zenila,  Helix,  Saecinta,  Phym,  Lymnatii,  Ancylai)  and  UnmMa- 
gaiteropoda  (StnUna,  Biludina,  CuSotiiyma,  J'ilroptu,  Calyplraa,  JfaHet, 
JVOHS,  Thiehuii  Mttrrx,  CaMtidario,  Purfnra,  POUUa,  Hatiotit,  I^iUtu,  Aflf- 
tia,  Latntllaria),  that  there  i>  &  large  baeie  for  the  generslizMioii  that  Ihu 
mnifl  or  orii^n  is  nnirenial.  Moreover,  according  to  Laoue-DothieTa,  tba 
ume  law  boldi  good  for  the  Cephalt^oda.  Such  bein);  the  ean,  tha  qoeatian 
BUMceata  itself  whether  the  coDnection  of  the  nerves  of  the  oUK^sta  with  th« 
padal  ganglia,  whioh  obtains  nolTenalljr  amuvg  the  LamellibniK^  IndioaUa 
ttulmal  or  ottJj  tlittli' MinnDt  origin. 
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But  they  differ  from  the  eyes  of  VertebrcUay  and  resemble 
those  of  other  invertebratcd  animals,  in  that  the  structures 
which  answer  to  the  rods  and  cones  are  situated  on  that  face 
of  the  retina  which  is  turned  toward  the  light,  while  the  fibres 
of  the  optic  nerve  traverse  the  pigment  layer  to  reach  them. 

The  reproductive  organs  of  tiie  Odontophora  present  very 
great  diversities  of  structure.  They  may  be  either  dioecious 
or  monoecious,  and  each  type  of  reproductive  organs  may  pre- 
sent various  degrees  of  complexity.  Of  the  dioecious  repro- 
ductive organs  there  are  tivo  chief  forms  :  the  one  in  which 
the  duct  of  the  ovarium  or  testis  is  continuous  with  the  gland; 
and  the  other  in  which  the  duct  opens  into  a  sac,  into  which 
the  ova  or  spermatozoa  are  set  free  by  the  dehiscence  of  the 
follicles  in  which  they  are  developed.  The  latter  arrange- 
ment  is  met  with  in  the  Cephalopoda ;  the  former  appears 
to  prevail  among  all  the  other  dioecious  Odontophora, 

In  these,  the  racemose  generative  gland  is  usually  situ« 
ated  close  to  the  liver.  In  the  female,  the  oviduct  ordinarily 
presents  a  uterine  dilatation  toward  its  termination,  which  is 
generally  situated  in  the  pallial  cavity  on  the  right  side  of 
the  body.  In  some  rare  cases  {Paludina,  Nieritina),  a  dila- 
tation or  a  special  vesicular  appendage  of  the  uterus  may 
serve  as  a  vesicula  seminalis ;  and  in  Paludina^  according 
to  Leydig,  an  albumen-gland  opens  into  it. 

A  penis  is  not  always  present.  Wlien  it  exists,  it  is  a 
muscular  process  of  the  mesosoma,  to  which  the  semen  may 
he  led  from  the  opening  of  the  vas  deferens  by  a  groove ;  or 
it  may  be  traversed  by  the  vas  deferens  which  opens  near,  or 
at,  its  apex. 

In  all  the  monoecious  Odontophora  which  have  as  yet  been 
thoroughly  examined,  there  is  a  generative  gland  termed  the 
ovotestiSy  in  which  both  spermatozoa  and  ova  are  produced. 
Only  in  the  anomalous  genus  Rhodope  (KoUiker)  are  the 
spermatozoa  and  ova  formed  in  distinct  caeca ;  in  all  the  rest, 
each  csecum  is  hermaphrodite,  the  spermatozoa  and  the  ova 
being  usually  developed  in  different  parts  of  the  caecum.  The 
duct  of  the  ovotestis  may  remain  single  to  its  termination  at 
the  genital  aperture,  or  become  only  incompletely  divided 
into  two  semicanals  (Fteropoda,  PleurophyUidia^  Umbrella^ 
Aplysia)  ;  or  it  may  become,  at  first  partially,  and  then  com- 
pletely, divided  into  an  oviduct  and  a  vas  deferens  (Nudi* 
branchiata,  Pleurobranchia^  Pulmonata). 

In  the  former  case  there  is  but  one  genital  aperture.  The 
common  duct  usually  receives  the  secretion  of  a  uterine  gland 
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which  may  tnke  the  form  of  a.  special  albumen  glaod,  uu)  a 
Bpermatheca  opi^os  into  it  near  its  outer  extr^ milj- ;  while,  oa 
the  male  side,  a  vesicula  semiimlis  and  an  evorBible  penis 
may  be  added.  The  penis,  however,  may  be  distant  from  tlie 
genital  opening,  and  then  a,  groove  on  the  side  of  tlie  body 
leads  to  it  (Aplysia).  In  tlie  latter  case  there  arc  two  gent' 
titl  apertures,  one  for  the  mule  and  one  for  the  feuiiile  or^n^ 
.thOug-h  thev  may  open  into  a  common  vestibule.  The  pvnis 
is  an  eversible  involution  of  the  integument,  on  which  the  vks 
deferens  opens.  A  prostate  gland  is  usually  connected  with 
the  latter,  and,  near  its  opening,  there  may  be  a  saccular  ap- 
pendage, in  tvhtoh  a  hard  pointed  body,  the  »piciiluni  amaru, 
is  contained  (Doria,  Helicidix).  An  albumen-gUnd  opens 
into  the  uterus,  and  a  spertnathaca  is  connected  with  iha 
vagina. 

Spermntophores,  by  the  aid  of  which  the  sperroatoxoa  >re 
transferred  into  the  female  organs,  oceur  in  the  CephaiopoSa, 
and  in  the  Palinonata.  In  the  Ititter  tlicy  are  grooved  bands, 
or  incomplete  tubes  of  hardened  mucus  secreted  by  the  peou, 
which  become  filled  with  spermatozoa  during  copulation ; 
while,  in  the  former,  they  are  closed  cases  which  may  have  a 
very  complex  structure. 

In  the  great  majority  of  the  Odontophora  the  young 
leaves  the  egg  as  a  vdiger,  very  similar  to  that  of  the  JUamtl- 
Ubranehiata.  The  velum  usually  beoomes  bilobed,  and  some- 
times {Ueteropodit)  its  margins  are  produced  into  many  ten- 
tacuHform  processes  j  and,  in  all  Pteropoda  and  Branchio- 
ffosttropoda,  whether  the  adult  possess  a  mantle  and  a  shell 
or  not,  the  larva  is  provided  with  both,  the  shell  being  at  first 
a  simple  conical  symmetriciJ  cap,  developed  in  the  middle  lioe 
of  the  mantle.  The  eyes  make  their  appearance  behind  the 
velum,  and  the  tentacles  in  front  of  or  upon  it. 

While  the  course  of  the  development  of  the  embryo  in 
the  Otlontophora  presents  a  general  uniformity,  there  are 
wide  differences  in  detail. 

In  Paludina,'  the  bliiatotncrcs  produced  by  yelk-division 
are  of  equal  size.  They  arrange  themselves  into  a  vesicular 
morula,  which  undergoes  invagination  and  becomes  a  gas- 
trula  of  the  simplest  type.  The  aperture  of  invagination 
(blastopore)  becomes  the  anus,  while  the  mouth  is  formed 
by  an  involution  of  the  cctaderm  of  the  anterior  end  i 

■  lATikeBter,  "  On  tha  Cninridonce  orths  Blastopore  and  Anui  inJI 
(liuarla^Jouraalo/ ifieroxepiealSiiUniUflVSi.) 
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body,  which  extends  toward  and  eventually  opens  into  the 
blind  end  of  the  archenteron  or  primitive  alimentary  sac.  A 
ciliated  velum  is  developed  on  the  haemal  side  of  the  mouth, 
and  a  ^'  shell  glaud  "  appears  in  the  centre  of  the  area  which 
gives  rise  to  the  mantle. 

In  Lymnams^  also,  cleavage  ends  in  the  production  of 
blastomeres  of  equal  size,  whether  with  or  without  a  transi- 
tory stage  of  inequality,  and  the  vesicular  morula  undergoes 
invagination  to  give  rise  to  the  archenteron.  The  blastopore 
is  elongated,  and  it  appears  to  be  likely  that  its  anterior  and 
posterior  ends  may  coincide  with,  if  they  do  not  give  rise  to, 
the  mouth  and  anus  respectively. 

In  most  OdofUophoray  the  process  of  yelk-division  goes 
on  unequally,  and  results  in  the  production  of  large  and  small 
blastomeres  (macromeres  and  micromeres).  The  latter  form 
a  layer  which  gradually  extends  over  the  macromeres  and  in- 
closes them.  Obviously,  this  comes  to  the  same  result  as 
invagination  ;  and  the  included  macromeres  and  their  progeny 
either  become  converted  into  the  archenteron  with  its  ap- 
pendages, and  more  or  less  of  the  mesoblast,  or  a  portion  of 
them  may  serve  as  food-yelk. 

In  the  Pteropoda  and  Heteropoda^  and  in  Nassa^  Natica^ 
and  lusus^  the  blastopore,  or  aperture  circumscribed  by  the 
edges  of  the  micromeral  layer  as  it  grows  round  the  macro- 
meres, closes,  but  corresponds  in  position  to  the  invagination 
of  the  ectoderm  which  gives  rise  to  the  future  mouth  ;  and 
the  anus  is  a  new  formation. 

In  such  land  Pulmonata  as  Limax,  the  process  of  yelk- 
division  gives  rise  to  macromeres  and  micromeres,  and  the 
latter  inclose  the  former.  What  becomes  of  the  blastopore 
is  not  clear,  though  I  am  inclined  to  think  that  it  corresponds 
in  position  with  the  mouth.  The  latter  is.  seen  very  early  as 
a  funnel-shaped  invagination  of  the  epiblast  bounded  by  lat- 
eral lips.  Behind  it,  the  foot  grows  out  and  rapidly  attains 
a  considerable  size.  Its  posterior  extremity  becomes  flattened 
from  above  downward,  and  converted  into  an  orbicular  ap- 
pendage, the  opposite  walls  of  which  are  connected  by  retic- 
ulated muscle-cells.     This  appendage  undergoes  rhythmical 

iLankester,  **  Observations  on  the  Development  of  the  Pond-Snail ''  {Quar* 
Urly  Journal  of  Mioroacopieal  Sdenee^  1874),  and  C.  Rabl,  "  Die  Ontogenie  der 
SQsswasserPulmonatcn^'  {Jen.  Zeitschrift,  1875). 

*  Fol,  "  Etudes  sur  le  d^veloppement  des  MoUusques."  (^*  Arch,  do  Zoologio 
exp^rimentale/'  1875,  1876.) 

*  Bobretsky,  **  Studien  aber  die  embryonale  Entwickelung  der  Gasteropo- 
den."    ("  Archiv  f.  Mikr.  Anat,"  1876.) 
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moTements  of  dilatatioo  aod  contraotioa.  The  mmcroiiMm 
fbrm  a  Urge  mass  inclosed  within  &  aphercndal  dilatetioo  of 
the  greaterpart  of  the  hnmat  wall  of  the  body,  which  deserrM 
the  name  of  yelk-sao  even  better  than  the  atnioture  so  naawd 
ID  the  CepkMopoda,  inaamuch  as  it  more  neariy  oorreHpondi, 
morphologically,  with  the  vitelline  sao  of  vertebrated  aiumals. 
Between  this  sac  and  the  foot  the  small  remainder  of  the 
hsmal  wall  becomes  converted  into  the  mantle. 

The  walls  of  the  vitelline  sac  under^  contractions  whidi 
sometimes,  but  not  always,  alternate  with  those  of  the  pedal 
appendage.  On  each  side  of  it  appears  the  "primitive  kid- 
ney," consisting  of  a  curved  elongated  series  of  cells  within 
which  concretions  are  developed,  and  terminating  in  a  doot 
which  opens  on  the  posterior  foce  of  the  vitelline  sao,  dose  to 
the  mantle.  The  exact  mode  of  origin  of  the  slimentaiy 
canal  has  not  been  made  out ;  but,  in  any  case,  only  a  very 
s.mall  portion  of  the  endodermal  cells  can  take  part  in  its 
formation,  and  the  archenteron  is,  at  first,  a  sac  which  nearly 
fills  the  small  projection  formed  by  the  rudimentary  mantle^ 
The  oral  involution  of  the  ectoderm  gives  rise  to  the  odon- 
tophore,  and  extends  across  the  base  of  the  foot,  to  open, 
eventuallv,  into  the  archenteron. 

The  fold  of  the  mantle  which  overhangs  the  reapiratoiy 
aperture  makes  its  appearance  very  early;  and,  immediately 
behind  it,  the  intestine  is  visible  as  a  short  tube,  which  ex- 
tends from  the  archenteron  to  the  surf;ice,  but  does  not,  at 
first,  open  there. 

As  development  proceeds,  a  movement  of  the  macromerio 
part  of  the  vitellus  takes  place  in  exactly  the  opposite  direc- 
tion to  that  of  the  food-yelk  of  the  Cephalopoda;  that  is  to 
say,  from  the  vitelline  sac  into  the  constantly  enlarging  foot. 
The  alimentary  canal  accompanies  it,  the  amis  alone  remain- 
ing in  its  primitive  position.  The  constantly  lengthening 
alimentary  canal  becomes  disposed  in  folds ;  between  these 
the  macromerio  part  of  the  vitellus,  which  gradually  forsakes 
the  diminishing  vitelline  sac,  disposes  itself  around  the  ooils 
of  the  intestine.  Eventually,  for  the  most  part,  it  becomes 
converted  into  the  liver. 

The  rudimentary  shell  first  makes  its  appearance  in  the 
form  of  a  few  subcry stall ine  calcareous  plates,  on  the  inner 
side  of  the  ectoderm.' 

The  development  of  Belix  is  similar  to  that  of  Limax; 
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but  the  intestine  passes  into  the  large  visceral  sac  instead  of 
into  the  cavity  of  the  mesosoma.  The  shell  is  stated  by 
Gegenbaur  to  be  at  first  internal,  as  in  Limax,  In  neither 
case  has  the  relation  of  the  shell  to  the  shell-gland  been 
determined. 

The  process  of  development  appears  to  present  a  consider- 
able range  of  variation  in  the  Pulmonata^  Semper  *  states 
of  a  species  of  Vaginvlus^  that,  after  the  process  of  cleavage, 
the  embryo  assumes  the  form  of  a  cylinder,  at  one  pole  of 
which  the  rudiments  of  the  tentacula  and  of  the  lips  appear ; 
while,  at  the  sides,  a  longitudinal  ridge  indicates  the  edge  of 
the  mantle,  and  marks  off  the  more  convex  pallia!  region 
from  the  fiat  foot.     No  shell  is  formed. 

In  LymncBuSy  as  has  been  already  stated,  the  vitellus 
undergoes  complete  division,  and  the  resulting  vesicular 
morula  undergoes  invagination  to  produce  the  hypoblast. 
Only  the  middle  part  of  the  archenteron  becomes  the  alimen- 
tary canal,  however.  The  lateral  portions,  which  take  on  the 
form  of  rounded  sacs,  may  not  improbably,  as  in  the  Brachio- 
pods,  give  rise  to  the  perivisceral  cavity,  though  this  has  not 
been  proved.  The  mouth  is  produced  by  the  formation  of  an 
opening  in  the  coalesced  endoderm  and  ectoderm,  at  a  point 
near  the  anterior  end  of  the  body.  Upon  each  side  of  the 
mouth  a  transverse  ciliated  ridge  of  the  ectoderm  is  developed, 
and  represents  the  edge  of  the  velum  in  other  molluscan  em- 
bryos. Behind  this,  and  on  the  opposite  side  of  the  embryo 
to  that  on  which  the  mouth  is  placed,  a  raised  patch  of  the 
ectoderm  represents  the  mantle.  The  foot  commences  as  a 
papilla  immediately  behind  the  mouth.  An  involution  of  the 
centre  of  the  pallial  ectoderm  gives  rise  to  a  shell-gland,  but 
the  proper  shell  is  developed,  independently  of  this,  as  a  cu- 
ticular  secretion  from  the  whole  surface  of  the  mantle. 

Thus  the  embryo  of  Lymnceua  possesses  an  incompletely 
developed  velum,  and  is,  in  all  essential  respects,  similar  to 
the  veligerous  embryo  of  Lamellibranchs,  Pteropods,  and 
Gasteropods  ;  while  the  Slugs  and  Land-snails  have  neither 
the  velum  (unless  it  be  represented  by  the  anterior  contrac- 
tile sac)  nor  the  external  embryonic  shell. 

The  development  of  the  Cephalopoda  is  very  unlike  that 
of  other  Mollusks,  and  will  be  dealt  with  under  the  head  of 
that  group. 

1  '*  Entwickelungsgeschlchte  der  Ampullaria  politq," 

*  Lankester.  **  OMenrations  on  the  Development  of  the  Pond-Snail,  Zvm- 
fugui  ttagnalU)^  {QuairUrly  Journal  qf  MUraeopicdl  SeUnct,  voL  ziv.,  New 
Seriei.) 
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The  lowest  forms  of  the  Odontopkora  are  the  Piflyplaco- 
nhora,  or  V/iitonidt,  and  the  Seap/iopoda,  or  J>entalida. 
Tlie  bilateral  symmelrv  of  the  boJy  is  completely,  or  ftlmosl 


ri».  Itl.— L  CAUOn  WptnoKiuUl.    (ARcr  MlddcDiforr.) 

IL  ffAUMdi««l<dI<i>baiiD,UMraoiiLh,  p,  the  nervoni  rini:  no,  the  anna;  0,0* 
TmtricU:  ff'.aniuHcle;  £>-.  the  toll  bmnebUa;  «J,  theo'irtucu,    (Alter  mn«J 
UL.  tV.iV.  SUsBiarderoIopinoiitori^Ali'anclnAViH.    [ARsr  LovCd.) 

completely,  undisturbed,  while  the  hicmal  wall  is  flat, or  BM^ 
iy  BO,  and  there  is  no  visceral  sac. 

The  Poj:.TPLAcoPBOBA.~Tbe  Chitons  (Fig.  121, 1.)  ue 
elongated,  slug-like  animals,  having  the  mouth  at  one  end  of 
the  body,  and  the  anus  at  the  opposite  extremity.  A  rounded 
lobe  surmounts  the  mouth,  but  it  bears  no  eyes  nor  tenta- 
cula,  and  there  is  no  definite  head.  The  edges  of  the  mantle 
are  thickened,  but  little  prominent,  so  that  the  paUJal  c&vity 
is  not  much  more  than  an  elongated  groove,  beneath  and 
internal  to  the  thickened  edge,  which  is  sometimes  beset 
with  aetce.  In  the  ^gion  in  which  these  seta:  occur,  the  surface 
of  the  mantle  is  covered  by  a  thick  cuticula.    The  sets,  whicb 
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may  be  merely  chitinous  or  completely  calcified,  or  partly  in 
the  oue  and  partly  in  the  other  condition,  are  developed  in 
sacs  lined  by  the  cells  of  the  ectoderm.'  In  the  pallial  groove 
lie  the  short  lamellar  processes  which  represent  the  branchiae. 
The  shell  is  unlike  that  of  any  other  MoUusk.  It  consists  of 
eight,  transversely  elongated,  symmetrical  pieces,  arranged 
one  behind  the  other,  overlapping  in  such  a  manner  that  the 
posterior  edge  of  the  one  covers  the  anterior  edge  of  the 
next,  and  articulated  together.  Sometimes  the  valves  are 
partially  or  completely  inclosed  in  the  mantle.  The  heart, 
composed  of  a  single  median  ventricle  and  two  lateral  auri- 
cles, is  placed  in  the  middle  line,  above  the  rectum,  at  the 
posterior  end  of  the  body.  The  aorta  is  continued  forward 
from  its  anterior  end,  while  the  auricles  receive  the  blood 
from  the  branchise.  In  Chiton  piceus^  according  to  Schi£f,' 
each  auricle  communicates  by  two  openings  with  the  ven- 
tricle, and  the  two  auricles  are  united  behind.  The  repro- 
ductive organ  is  median  and  symmetrical,  and  its  two  ducts 
open  on  each  side  of,  and  not  far  from,  the  anus. 

The  embryo  leaves  the  egg  as  an  oval  body,  surrounded 
near  its  anterior  end  by  a  circular  ciliated  band,  behind  which 
an  eye-spot  appears  on  each  side  (Fig.  121,  III.).  The  seg- 
ments of  the  shell  appear  while  the  young  Chiton  is  still 
locomotive,  and  the  disk  in  front  of  the  ciliated  band  becomes 
converted  into  the  lobe  above  the  mouth  (Fig.  121,  IV.,  V.). 
The  Chitons  have  existed  from  the  Silurian  epoch  to  the 
present  day,  apparently  with  very  little  modification. 

The  Scaphopoda." — In  Dentalium^  the  shell  is  elongated, 
conical,  and  curved,  like  an  elephant's  tusk,  with  the  apex 
broken  o£f,  and  it  is  open  at  both  ends.  The  animal  has  a 
large  mantle  corresponding  in  form  with  the  shell,  and  also 
open  at  both  ends,  the  margins  of  the  anterior,  larger,  aper- 
ture being  much  thickened.  The  mouth,  placed  at  the  extreme 
ity  of  a  sort  of  cup,  the  margin  of  which  is  fringed  with  pa- 
pillae,  is  situated  far  behind  the  anterior  opening  of  the  man- 
tle. Behind  the  oral  cup,  where  the  body  joins  the  mantle, 
is  a  transverse  muscular  ridge,  from  which  proceed  a  great 

>  Reincke.  "  Beitrfiffe  zur  Bildungsgeschichte  der  Stacheln,  u.  s.  w."  (Zei^ 
yihrifif^r  msnemchamicht  Zoohgit.) 

«  ZeiUehriftfur  wiuefuchqfUieht  Zoologit^  1868. 

'  A  very  complete  and  accurate  account  of  the  or^nizatlon  of  Dentalium  is 
given  in  tne  monograph  of  Lacaze-Duthiers,  *'  Histolre  de  Vonranisation.  da 
d^veloppement,  dea  mosura  et  dea  rapporta  zoologiques  dea  Dentales/'  1858. 


Bmnber  oC  km^ 

tcffior  opening  of  tl«  wiitiley  and  plsf  Ae  mit  o£ 
oremub  BeSund  and  below  Ae  cnl  cop  tke  veri 
ef  undrical  loot  proceeds.  Near  its  cztmriftf  anT 
fteahj  lobes  wbich  perbapa  eoneipood  whb  tbe 
otber  MoUoaka.  Tbeonl  c^  Icada  mtoa 
coDtaining'  tbe  odoottipbaiey  vbenee  ^kt  ceaopba|gua  paanci 
to  tbe  stomacb.  Tbe  liTer  conswti  of  two  aymmeincallj- 
brancbed  divisioiia  ;  and  tbe  iniestiDe,  after  beeonuii^  ooOed 
apoD  haeUj  ends  in  a  ptoaunent  aaal  papilla,  in  the  ■"•iKyft 
luie,  behind  tbe  looi  ci  tbe  loot.  Tbm  ii  no  benrt,  but  tbe 
blood  fills  spacioos  sinuses.  Tbeie  are  no  ^lecial  reqpiimfaMy 
ofgans  distinct  from  tbe  wall  of  the  pallkl  caiitT.  The  two 
lenal  organs  open  one  on  eadi  side  of  the  anoiL  The  renal 
Mood  siuns  communicates  diiectlj  with  tbe  paUial  caTitj  bj 
two  apertures,  situated  dose  to  those  of  the  renal  oigans. 
In  tbe  nervous  system,  the  commissares  of  tbe  parieto- 
splanchnic  ganglia  pass  directlv  to  tbe  cerebral  ganglia,  ss 
in  the  Lamellibranchs.  The  sexes  are  distinct,  and  tbe  geni- 
tal gland  is  single  and  symmetrica],  though  its  duct  opens 
into  the  right  renal  organ.  The  embryo  is  at  first  surrounded 
by  a  number  of  ciliated  rings,  its  anterior  end  presenting  a 
tuft  of  long  cilia.  By  degrees  the  cilia  become  restricted  to 
the  edges  of  a  disk,  into  which  the  anterior  end  of  tbe  embiyo 
eximnds,  and  which  represents  the  prse-oral  ciliated  velum  of 
the  Lamellibranchs.  The  mantle  now  appears  on  tbe  dorsal 
aspect  of  the  body,  behind  this  disk.  Its  ventral  edges  are 
free,  and  it  secretes  a  shelly  plate  of  corresponding  form. 
But,  as  development  advances,  the  edges  of  both  mantle  and 
shell  unite  in  the  median  ventral  line,  leaving  the  anterior  and 
the  posterior  ends  open. 

The  Scaphopoda  are  an  ancient  group,  remains  of  tbem 
occurring  as  far  back  as  the  Devonian  epoch. 

The  higher  Odontophora  (or  the  Gasteropoda^  PUrcpoda^ 
and  Cephalopoda  of  Cuvier)  fall  into  two  divisions,  according 
to  the  structure  and  arrangement  of  the  parts  of  the  foot. 
In  the  one  division  (the  Oasteropoda  and  JPteropoda)  it  may 
be  a  simple  disk,  or  it  may  be  divided  into  three  portions—* 
an  anterior  (the  propodium)^  a  middle  (the  me8opodiuni\ 
and  a  posterior  (the  metapodium) ;  and  it  may  be  stul  further 
complicated  by  the  development  from  its  sides  of  muscular 
expansions — the  epipodia.  But,  whatever  the  shape  of  tbe 
foot  in  these  Mollusks,  its  margins  are  not  prodiioed  intn 
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prehensile  processes,  and  its  antero-lateral  portions  do  not 
extend  beyond  the  sides  of  the  head,  and  unite  in  front  of  the 
mouth. 

In  the  other  division  (the  Cephalopoda)^  the  margins  of 
the  foot  are  produced  into  prehensile  processes  or  arms,  and 
the  antero-lateral  regions  of  the  foot  extend  over,  and  unite 
in  front  of,  the  mouth,  in  such  a  manner  that  the  latter  is 
placed  in  the  centre  of  the  discoidal  foot.^ 

In  the  former  division — that  is,  in  all  Pteropoda — in  all 
those  Gasteropoda  which  breathe  the  air  dissolved  in  water 
(JSranchiogasteropoda),  and  in  some  of  those  which  breathe 
air  directly  (Pulmogasteropoda)^  the  embryo  is,  as  in  the 
Scaphopoda  and  Polyplacophora^  a  veliger  ;  or,  at  any  rate, 
it  has  ciliated  bands  which  subserve  locomotion.  But  in  the 
Cephalopoda  no  such  velum  is  formed,  and  the  animal  ac- 
quires the  general  characters  of  the  adult  before  leaving  the 

A  shell-gland  is  often,  if  not  always,  present  in  the  em- 
bryo of  the  higher  Odontophora  ;  and,  in  all  Pteropods  and 
Branchiogasteropods,  the  mantle  secretes  a  cuticular  shell, 
which,  however,  may  exist  only  during  the  larval  condition. 

If  the  arrangement  of  the  alimentary  canal  in  a  Cephalo- 
pod,  or  a  Pteropod,  be  com[>ared  with  that  which  obtains  in 
such  a  Branchiogasteropod  as  Atlanta^  it  will  be  observed 
that,  in  the  former,  the  oesophagus  enters  the  outgrowth  of 
the  hsemal  region  of  the  body  which  constitutes  the  visceral 
sac,  to  reach  the  stomach ;  and  that  the  intestine  passes,  at 
an  acute  angle  with  the  anterior  portion  of  the  alimentary 
canal,  along  the  posterior  face  of  the  visceral  sac,  to  end  in 
the  pailial  chamber,  which  is  situated  on  the  posterior  face  of 
the  body.  The  pedal  ganglia  consequently  lie  between  lines 
traversing  the  anterior  and  the  posterior  divisions  of  the  ali- 
mentary canal  respectively ;  and  hence  the  alimentary  canal 
has  a  neural  flexure^  or  is  bent  toward  the  neural  face  of  the 
body. 

In  Atlanta^  on  the  other  hand,  the  intestine,  when  it  leaves 
the  stomach,  passes  along  the  anterior  face  of  the  visceral 
sac,  to  reach  the  pailial  cavity,  which  is  situated  on  the  an- 
terior face  of  the  body.  Hence  lines  traversing  the  two  di- 
visions of  the  alimentary  canal  would  inclose  not  the  pedal 

1  5<M,  for  a  valuable  diacuBflion  of  the  homologies  of  the  anns  and  the  fHinnel 
of  the  C^h^poda,  In  whioh  the  view  hero  talcen  is  abl^.  though  I  do  not 
think  aatiafifMStoiilv.  controverted,  Grenacher,  **  Zur  Entwiokelungsgeachichte 
der  Cephalopoden.'^    {ZiiUehH/t/&r  witt.  Zooloffu,  IS7^.) 

19 
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but  the  cerebral  ^n^lia.  In  older  words,  the  intestiiM  ii 
benl  in  the  opposite  ilirection  to  that  which  it  takes  in  ifae 
Cephalopod,  or  has  &  hcemalfiexure.' 

The  hfcmal  flexure  or  the  intestioe  is  very  cbaraetrnatM 
of  the  Sranchiogaateropodu,  and  is  oompleted  at  an  caHjr 
stage  of  their  development. 

In  such  a  slightly -modified  Odontophoran  as  Chiton,  the 
heart  presents  its  normal  posittun  in  the  posterior  region  of 
the  hffimal  face  of  the  body,  and  has  its  aortic  end  turned  for- 
ward. Although  the  branchiie  are  situated  at  the  sides  of 
the  body,  the  blood  which  passes  through  them  must  take  a 
backward  course  to  reach  the  hciirt;  and  thus  the  braccbK 
may  be  s:iid  to  be  virtually  behind  the  heart,  and  the  animal 
is  truly  opiithobrartckiaU.  It  appears  to  be  otherwise  with 
such  a  Gaateropod  as  Bucdnrtm,  in  which  the  gills  lie  actual- 
ly in  front  of  the  heart,  and  the  animal  ia  therefore  8:iid  lo 
be  proaobranchiate.  It  must  bo  recollected,  however,  th»t, 
strictly  speaking,  no  Odontophoran  is  other  than  opistho- 
branchiate.  The  anus  represents  the  morphological  nindcr 
end  of  the  body  ;  and  the  a.uricle  of  the  heart,  into  which  tbo 
current  of  blood  from  tho  branchiae  passes,  is  never,  morpho- 
logically, posterior  to  the  brunchiie. 

This  is  perfectly  obvious  in  the  Cephalopoda.  In  tie 
position  which  the  animal  frequently  assumes  and  in  vrbidi  it 
is  ordinarily  represented,  the  gills  arc  in  front  of  the  heart. 
But  if  the  Mollusk  is  placed  in  its  morphologically  correct 
position  with  the  oral  face  of  the  arms  downward,  it  will  si 
once  be  seen  that  what  is  commonly  called  the  ventral  face 
of  the  animal  is  the  posterior  half  of  its  haemal  face,  and  that 
the  heart  lies,  morphologically,  anterior  to  the  brunch ise. 

In  such  Branch io^steropods  as  are  prosobrancbiate,  the 
gills  come  to  lie  in  front  of  the  heart  in  consequence  of  their 
having  followed  the  ttvisted  intestine  forward  and  to  the 
hseinal  side  of  the  body. 

Tre  Ptebopoda.' — In  this  group  of  small  pelagic  ammsb 
there  is  no  distinct  head,  the  eyes  and  the  ordinary  tentade6 
remiiining  rudimentary.  Auditory  sacs  are  attached  to  llw 
pedal  ganglia.     Sometimes  [Pneumodermon)  two  eversiblo 

'  RuxldT.  "  Oq  the  Morphology  o!  ttm  Ccpludoui  MoUuscit."  ("PhU. 
Tmn».,"  ISSa,) 

■  Sit  Uang  and  Souteyet,  "  Hiatwv  nBtarclle  des  MnUosqaet  Ptfropod 
and  Bogeabiur,  "DDtenaohangBn  Qltst  di«  Pteropodcn  nad  Est 
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spinose  tentacular  organs  are  developed  at  the  sides  of  the 
mouth,  and,  in  addition,  two  acetabuliferous  tentacles  take 
their  origin  on  the  inner  side  of  a  cup-like  hood,  which  sur- 
rounds the  anterior  end  of  the  body.  Cymhulia  is  stated 
to  possess  no  radula.  The  epipodia  are  large  muscular  ex- 
pansions, by  the  flapping  of  which  the  Pteropods  swim  ;  but 
the  rest  of  the  foot  is  always  small,  and  often  rudimentary, 
in  correspondence  with  the  small  size  of  the  neural  face  of  the 
bodv. 

The  haemal  face,  on  the  contrary,  is  always  produced,  as 
in  the  Cephalopoda^  into  a  relatively  large  visceral  sac  ;  and 
in  some  (the  Thecosomaia)  this  visceral  sac  is  coextensive 
with  the  mantle,  which  is  protected  by  a  shell.  In  others 
(Gymnosomata)  the  mantle  early  disappears,  and  there  is 
no  shell.  In  Cymbuliay  the  delicate  transparent  chitinous 
shell  is  internal,  and  is  invested  by  an  epithelial  layer  derived 
from  the  mantle.  In  Spirialis^  the  foot  bears  an  operculum. 
Chromatophores  similar  to  those  of  the  Cephalopoda  occur  in 
Tiedemannia. 

In  the  Thecoaomata^  the  free  lobe  of  the  mantle,  which 
incloses  a  spacious  pallial  cavity,  usuallv  lies  on  the  posterior 
aspect  of  the  visceral  sac,  as  in  the  Cephalopoda^  and  the 
rectum  terminates  in  it,  on  one  side  of  the  middle  line.  In 
these  there  is  a  simple  neural  flexure  of  the  alimentary  canal, 
as  in  the  Cephalopods,  although  the  turning  of  the  rectum  to 
one  side  destroys  the  symmetry  of  the  body.  In  Limacina 
and  SpirialiSy  the  intestine  appears  to  be  bent  round  to  the 
anterior  face  of  the  visceral  sac,  the  mantle-cavity  accom- 
panying it,  so  that  the  opening  of  the  mantle  is  placed  on 
the  anterior,  instead  of  on  the  posterior,  face  of  the  visceral 
sac.  There  are  no  distinct  gills  in  the  I'hecosomata^  but  the 
lining  of  the  mantle-cavity  subserves  the  function  of  respira- 
tion, and  is  sometimes  produced  into  folds,  which  doubtless 
aid  in  the  performance  of  that  function.  Processes  of  the 
bcdy,  to  which  the  office  of  gills  is  ascribed,  are  found  in 
some  Gymnosomata  (Pneumodermon  Spongohranchia). 

The  heart  consists  of  a  single  auricle  and  a  single  ventricle. 
The  auricle  lies  close  to  the  pallial  cavity,  and  receives  the 
a($rated  blood  from  its  walls.  The  ventricle  is  sometimes 
directed  forward  (as  in  all  Gymnosomata)^  and  sometimes 

» Sety  for  the  somewhat  similar  arranp^emonts  in  Clione,  Eschricht.  "  Ana- 
tomisohe  Untersuohungen  Hbor  Clion*  borealU,^^  1858 ;  and  Macdonald,  *•*•  On 
the  Zo6lofflcal  Chiraoten  of  the  Living  Clio  caudiOaJ*  C'  Train.  Royal  Society 
of  Edinbugh,*' 1868.) 
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backward,  so  that  nearly-related  forma  are  sometimefl  0[mtlKh 
branchiate,  Bometimes  proaobrancfaiate.  The  branohes  of  tin 
aortic  trunk  soon  terminate  in  laonnn,  b;  which  the  blood  il 
conveyed  back  to  the  walls  of  the  mantle-caTitv.  Tbo  noil 
org^an  is  a  oontractile  sac  with  delicate  walla,  which  opena  oa 
one  side  into  the  pallial  chamber,  and  on  the  other  into  the 
pericardial  sinus. 

Tbe  TAecoiomata  have  the  principal  ganglia  oonoentiated 
'  around  the  gullet — the  cerebral  ganglia  beia^  lateral,  and 
united  by  a  long  commissure. 

In  the  Qymnoiomata  the  ganglia  are  more  scattered,  bat 
the  arrangement  of  their  nervous  system  needs  refixantina- 
tioQ. 

•  All  the  Fteropoda  are  provided  with  an  ovotettis.  Tbli 
is  a  racemose  gland,  in  the  ultimate  cseca  of  which  both  ora 
and  spermatozoa  are  developed.  The  spermatosoa  make 
their  appearance  at  the  closed  end  of  the  cxcum  and  accumu- 
late in  its  cavity;  the  ova  are  developed  from  tbe  epithelial 
tissue  of  the  csscum,  somewhat  lower  down;  nevertheless 
fecundation  does  not  take  place  in  the  ovotestis,  probablv  in 
consequence  of  the  ova  and  spermatozoa  attaining  maturity 
at  different  times.  The  ovotestis  has  a  single  excretory  duct, 
the  t3rmination  of  which  may  be  provided  with  a  receptaculum 
leminie  and  connected  with  a  penis. 

The  young  of  the  Pteropoda  leave  the  e^  provided  with 
a  velum,  with  a  rudimentary  shell,  and  protubly  with  ao 
operculum.  In  most  of  tlie  TheeOiomata  the  shell  is  re- 
tained and  forms  the  commencement  of  that  of  the  adult, 
while  the  vela  disappear  and  the  epipodia  are  developed. 
In  CymbuUa,  the  primary  external  shell  is  shed  and  the 
chitinous  internal  shell  is  a  secondary  development.  In  the 
Gymnosomata,  the  primary  shell  is  also  east  off,  but  is  not 
replaced,  and  three  girdles  of  cilia  are  developed  on  the  sur- 
face of  tlie  body.' 

The  Silurian  genera  Tentaculitea,  TTieca,  JPterotheea, 
Conularia,  EccuUomphalus,  are  referred  to  the  FUropoda, 
but  they  differ  much  from  all  existing  forms.  Unquestionable 
Pteropoda  arc  not  know  earlier  than  the  tertiary  formationi^ 

TnE  Bbastcbiooa^tebopoda. — In  all  the  members  of  this 

'  Qe^eabaur,  /.  «. ;  Krobn,  "  BoiCriin  nir  EnCwiokelonsiimehlcihts  dsi 
Pt«n>poden  and  Hetsropoden,"  1B«0:  tnd  FoL  "Btadw"  ("AnUvtS  «U 
ZooL  Zipjriinentsle,"  ISTfi  snd  ISTS). 
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group,  the  development  of  which  has  hitherto  been  studied, 
the  intestine  becomes  twisted  round  on  to  the  anterior  face 
of  the  body,  in  such  a  manner  that  the  alimentary  canal  has 
a  completely  haemal  flexure,  even  in  the  veligerous  embryo. 
Hence,  in  the  adult,  the  intestine  springs  from  the  haemal  or 
dorsal,  and  not  from  the  ventral  or  neural,  aspect  of  the 
stomach ;  and  the  pallial  cavity,  when  it  exists,  is  placed 
upon  the  anterior  haemal  face  of  the  body. 

In  the  embryo,  the  shell  always  makes  its  appearance  as 
a  conical,  symmetrical,  median  cap.  This  embryonic  shell 
usually  persists  at  the  apex  of  that  of  the  adult,  the  form  of 
which  is  modeled  upon  that  of  the  visceral  sac,  and  hence, 
like  the  latter,  is  usually  spiral.  The  embryo  is  also  very 
generally,  if  not  universally,  provided  with  an  operculum. 

The  shell  and  operculum  of  the  embryo  disappear  in  the 
naked  Branchiogasteropods ;  but  the  primitive  external  shell 
is  sometimes  replaced  by  an  internal  shell  lodged  in  a  cavity 
of  the  mantle  (e.  g.,  Aplysia),  Usually,  the  Branchiogastero- 
pods possess  a  distinct  head  provided  with  a  pair  of  tentacles 
and  with  two  eyes,  which  may  either  be  sessile  or  mounted 
upon  peduncles  of  their  own. 

The  mouth  may  be  armed  with  chitinous  jaw-plates,  in  ad- 
dition to  the  radula.  The  heart  is  generally  composed  of  a 
ventricle  and  a  single  auricle,  but  sometimes  there  are  two 
auricles. 

The  Branchiogasteropoda  fall  into  two  distinct  series,  of 
which  the  one  is  hermaphrodite  (the  genital  gland  being  an 
ovotestis)  and  invariably  opisthobranchiate ;  while  the  other 
is  unisexual  and  usually  prosobranchiate.  In  each  series 
there  are  some  forms  which  are  provided  with  a  large  mantle, 
and  others  in  which  the  mantle  is  altogether  abortive  {NudU 
branchiata,  JFirola),  These  chlamydate  and  achlamydate 
Branchiogasteropods  correspond  with  the  Thecosomata  and 
Oymnosomata  among  the  Pteropods. 

The  chlamydate  Branchiogasteropods  are  usually  provided 
with  branchiae,  which  either  take  the  form  of  numerous  la- 
mellae, or  of  two  plume-like  organs,  sometimes  reduced  to  one 
functional  gill  and  a  rudiment  of  the  second.  In  the  achlamy- 
date forms  true  gills  are  usually  absent,  though  they  may  be 
replaced  functionally  by  processes  of  the  haemal  body-wall. 

Among  the  Opisthobranchiatay  PhyUidia  is  nearly  sym- 
metrical, the  anus  being  situated  at  the  posterior  end  of  the 
body,  and  there  is  a  large  mantle,  devoid  of  a  shell.     There 
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18  no  pallial  cavity,  and  the  branchiae  are  numeroas  lamelbe^ 
placed  on  each  side  of  the  bod  v,  between  the  free  edge  of  the 
mantle  and  the  foot.  In  AplysiUj  the  mantle  is  relatively 
small,  and  possesses  an  internal  shell ;  the  branchiae,  the 
anus,  and  the  reproductive  apertures,  are  placed  on  the  right 
side  of  the  body.  In  this  genus,  and  in  Gasteropterofiy  there 
are  very  large  epipodial  lobes,  by  the  aid  of  which  some 
species  propel  themselves  like  Pteropods. 

The  Nudibranchiata  have  no  mantle,  and  the  anua  is 
usually  situated  on  the  right  side  of  the  body  ;  sometimes, 
however,  as  in  2>om,  it  is  terminal.  In  the  f>elagic  JPhylli^ 
rhOe^  the  foot  aborts,  as  well  as  the  mantle,  and  the  body  has 
the  form  of  an  elongated  sac. 

The  gastric  portion  of  the  alimentary  canal  becomes  com- 
plicated by  division  into  several  portions,  some  of  which  are 
provided  with  chitinous  or  calcareous  plates,  or  teeth,  in 
Aplysia^  Bulla^  and  other  genera.  In  many  Nudibranchs^ 
as  JiJoliSj  the  liver  is  represented  by  a  much-branched  tubular 
organ,  the  crecal  ultimate  ramifications  of  which  end  in  the 
elongated  dorsal  papillae.  The  apices  of  these  papillae  contain 
thread-cells. 

In  the  series  of  the  Frosohranchiata^  the  great  majority 
are  not  only  chlamydate,  but  there  is  a  spacious  branchial 
chamber,  and  the  pallial  wall  of  the  body  is  produced  into  a 
conical  visceral  sac,  which  contains  the  stomach,  liver,  and 
genital  organs.  It  is  usually  asymmetrically  coiled,  and  is 
protected  by  the  shell.  No  Opistbobranch  possesses  a  large 
visceral  sac  of  this  kind.  On  the  other  hand,  no  Prosobranch 
is,  like  Phyllidiay  syn. metrical,  with  the  anus  at  the  posterior 
end  of  the  body.  Patella  and  FissKreUa  are  nearly  sym- 
metrical, but  the  anus  is  anterior. 

The  Prosohranchiata  have,  at  most,  rudiments  oiepipodia^ 
but  the  rest  of  the  foot  often  acquires  a  much  greater  develop- 
ment than  in  the  Opistliohranchiata^  and  a  chitinous  or  shelly 
plate — the  operculum — is  frequently  developed  from  the  dor- 
sal or  haemal  aspect  of  the  metapodium.  The  differentiation 
of  the  foot  attains  its  highest  degree  in  the  so-called  JHeterih 
poda,  in  which  the  propodium,  mesopodium,  and  metapodium 
differ  widely  in  form ;  the  propodium  being  broad  and  fin-like, 
and  constituting  the  chief  organ  of  locomotion  in  these  free- 
swimming  oceanic  animals. 

In  the  Limpets  (PatellidcE)^  the  visceral  sac  forms  merely 
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a  conical  projection  of  the  haemal  surface,  and  the  numerous 
lamellar,  or  filamentous,  respiratory  organs,  are  lodged  be- 
tween the  free  edges  of  the  mantle  and  the  sides  of  the  bodj. 
In  the  other  chlamydate  Prosobranchiata^  except  the  Cyclos- 
tomata,  there  are  two  plumose  gills  lodged  in  a  pallial  chamber 
situated  on  the  anterior  face  of  the  visceral  mass,  which  is 
usually  large  and  spirally  coiled.  Somelimes,  as  in  the  di- 
vision of  the  Aspidobranchia^  the  two  branchiae  are  equal,  or 
nearly  equal,  in  size.  Sometimes  one  is  so  much  smaller  than 
the  other  as  to  be  nearly  abortive  (  Ctenobranchia).  Ampul- 
laria  has  a  pulmonary  cavity  as  well  as  gills.  On  the  other 
hand,  the  Gyclostomata  have  no  branchiae,  but  breathe  air 
by  means  of  the  parietes  of  the  pallial  chamber,  whence  they 
are  ordinarily  reckoned  among  the  Pulmonata^  which  they 
resemble  in  their  terrestrial  habits.  In  many  Prosobranchiataj 
the  wall  of  the  branchial  chamber  is  produced  into  a  muscular 
spout-like  prolongation,  termed  the  siphon^  which  serves  to 
direct  the  branchial  current.  The  presence  of  this  siphon  is 
usually  accompanied  by  a  notch  or  grooved  process  of  the 
shell,  and  bv  carnivorous  habits. 

In  the  Seteropoda^  there  is  a  gradual  reduction  of  the 
mantle,  from  Atlanta^  in  which  the  mantle  and  shell  have  the 
ordinary  proportions,  and  the  departure  from  the  ordinary 
Gasteropod  type  is  but  little  greater  than  that  observed  in 
Strombus  and  PteroceraSy  through  Carinaria^  in  which  the 
mantle  is  much  reduced,  and  the  shell  is  a  mere  conical  cap, 
to  Pirolay  in  which  the  mantle  and  shell  are  wanting  in  the 
adult,  and  which,  therefore,  corresponds  with  the  achlamydate 
Pieropoda  and  Opisthobranchiata, 

In  many  genera  of  the  Ctenobranchia^  and  especially 
among  the  carnivorous  forms,  the  mouth  is  situated  at  the 
end  of  a  long  proboscis,  which  contains  the  odontophorc,  and 
a  great  p<irt  of  the  long  oesophagus.  This  proboscis  is  pro- 
truded and  retracted  by  special  muscles.^ 

The  eggs  are  often  laid  in  capsules  secreted  by  the  walls 
of  the  oviduct.  In  Neritinay  Purpura^  and  JBueeinumy  each 
capsule  contains  a  considerable  number  of  ova,  but  of  these 
only  a  few  (one  in  Neritina)  become  embryos,  and  devour 
the  rest.' 

»  Sff  tho  description  of  the  proboscis  of  the  Whelk  in  Cuvicr's  **  M^molrcs 
sur  les  MollusQues." 

«  Koren  ana  Daniolliiseh,  "Rccherches  sur  le  ddveloppement  des  Pectini- 
branches"  ('*  Fauna  littoralis  Norvecriae,"  ii.,  185R),  and  Carpenter,  *' On  the 
Development  of  tho  Embryo  of  Purpura  lapillw"  ("Trans.  Micr.  Society," 
1854,  and ''  Annals  of  Nat.  Hist/'  1857).  Clapardde^ "  Anatomie  und  Entwicke- 
lungsgeschichto  der  Ntriiina  fluviatUUy    ("  Archiy  far  Anatomie,"  1857.) 
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Th«  pansicic  Iwbit  whicb  u  so  rare  waafag  the  Hfnftiww 
oecoTS  ia  the  gemu  Stylifer,  which  infesU  Htir  iahra  bimI 
Sea-orchino,  sometimes  imbedding  itadf  in  the  pexiMMBa; 
ftnd,  under  a  very  remarkable  and  not  vet  tfaoronj^r-midef- 
stood  form,  in  the  singular  parasite  at  another  t:»«KT.m^'p»m^ 
Sj/napta  digitata,  termed  by  its  discoverer,  HDUer,  .£hfa> 
eonena  mirabilU,' 

In  some  few  of  the  St/Ttaptw  (not  more  than  one,  or  pei^ 
haps  two,  in  a  hondred),  elongated  taboiar  moUttrnkigenmi 
Moea  are  foand  attached  bv  one  extremitv  to  one  of  the  iBtes- 
tinal  ressels;  while  the  opposite  end  cither  hangs  freeljr  into 
the  peririsceral  caritj-,  or  mar  be  entangled  axaoag  the  hem 
of  the  tentacles,  at  the  cephalic  extremity'  of  the  badj  of  the 
fiynapta.  The  sac  is  closed,  bat,  at  its  attached  end,  a  long 
invagination  extends  into  its  interior.  The  caritj  of  the  sao 
bejond  the  closed  extremity  of  the  invagination  contains  an 
orary  ;  and,  beyond  this,  a  certain  number  of  &ee  seminal 
capsules.  The  ova  are  detached  from  the  oTary,  and  under- 
go their  development  ic  envelopes,  each  coataining-  many 
ora,  which  gradoallv  fill  the  cavitj  of  the  moUuskigerous  sac. 
From  these  ova,  embr3'os,  provided  with  a  velum,  shell,  and 
operculum,  proceed.  A  lar^e  pallial  cavity  is  soon  apparent; 
but,  in  the  most  advanced  stages  of  development  observed,  it 
contained  no  branchiae. 

What  becomes  of  these  larvae  ia  unknown,  nor  is  it  even 
certain  to  what  group  of  the  Odontophora  Entoeoneha  be- 
longs. 

The  Pci-monxta. — These  are  odontophorous  Mollodcs 
which  breathe  air  dlrectlv,  by  means  of  a  respiratory  surface 
furnished  by  the  wall  of  the  pallial  cavity. 

In  some,  such  as  the  Peroniada  (Fip.  123)  and  Veroni- 
cellida,  the  body  of  the  elug-Iike  animal  is  very  nearly  sym- 
metrical ;  the  anus  and  the  mng-sac  being  situated  close  to- 
gether Bt  the  posterior  extremity  of  the  bodj.  The  mantle 
is  larpc,  and  extends  over  the  whole  hiemal  or  dorsal  surface. 
In  all  the  other  Pulmonata,  the  pulmonary  and  the  anal 
apertures  lie  on  the  right  side  of  the  body,  and  the  mantie  is 
provided  with  at  least  the  rudiments  of  a  shell.  The  pallial 
region  is  sometimes  veiy  small  in  proportion  to  the  rest  of 
the  body,  and  then  forms  a  flattened  disk,  as  in  the  common 
Slug ;  while,  in  some  Limacidae  and  TeslacellidcB,  and  in  the 

>  "Die  Enensnoff  von  Sobneoksn  in  Bolathnrien,"  ISEI.  B«Qr,  "Uabw 
fiynopte  diffitalaJ'    {"  Kon  Act*,"  iziL,  ISM.) 
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Janellidce^  the  mantle  is  so  much  reduced  that  they  are  al- 
most achlamydate.  In  the  Snails,  the  mantle  is  large  and  is 
produced  into  an  asymmetrically  coiled  visceral  sac,  in  which 
the  stomach,  liver,  and  genital  gland  lie.  The  mantle-cavity 
lies  on  the  fore-part  of  the  sac,  and  the  anus  opens  on  its 
margin.  Thus,  in  all  the  ordinary  Pulmonatay  the  termina- 
tion of  the  intestine  is  twisted  from  its  normal  position  at  the 
hinder  end,  forward  to  the  right  dorsal,  or  hsemal,  aspect  of 
the  body. 

When  the  pulmonary  sac  is  posterior,  and  the  pallial  re- 
gion small,  the  ventricle  of  the  heart  is  anterior,  and  the 
auricle  posterior,  and  the  animal  may  be  said  to  be  opistho- 
pulmonate.  On  the  other  hand,  when  the  pallial  region  is 
large,  and  gives  rise  to  a  visceral  sac,  with  the  concomitant 
forward  position  of  the  pulmonary  chamber,  the  auricle  is 
inclined  more  or  less  forward  and  to  the  right  side,  and  th« 
apex  of  the  ventricle  backward  and  to  the  left  side.  The 
animal  is  thus  more  or  less  prosopulmonate. 

The  mouth  is  commonly  provided  with  a  homy  upper  jaw, 
as  well  as  with  a  well-developed  odontophore.  Large  salivary 
glands  are  usually  present. 

The  heart  consists  of  a  single  auricle  and  a  single  ventri- 
cle. The  aortic  trunk,  which  proceeds  from  the  apex  of  the 
latter,  divides  into  many  branches,  but  the  venous  channels 
are  altogether  lacunar.  A  renal  organ  lies  close  to  the  pul- 
monary sac  in  the  course  of  the  current  of  the  returning  blood. 

There  are  usually  two  simple  eyes,  often  lodged  in  the 
summits  of  retractile  tentacula. 

The  Pulmonata  are  hermaphrodite.  The  generative  gland 
is  an  ovotestis,  and  is  composed  of  branched  tubuli,  from  the 
cellular  contents  of  which  both  ova  and  spermatozoa  are  de- 
veloped (Fig.  123,  III.). 

A  narrow  common  duct  leads  from  the  ovotestis,  and,  soon 
dilating,  receives  the  viscid  secretion  of  a  large  albumen- 
gland.  The  much  wider  portion  of  the  common  duct  beyond 
the  attachment  of  this  gland  is  incompletely  divided  by  longi- 
tudinal infoldings  into  a  sacculated,  wider,  and  a  straight, 
narrower,  division.  The  former  conveys  the  ova,  and  the 
latter  the  spermatozoa.  At  the  end  of  this  part  of  the  ap- 
paratus, the  wider  portion,  which  represents  the  oviduct, 
passes  into  the  vagina,  which  opens  at  the  female  genital 
aperture,  while  the  narrower  portion  of  the  common  duct  is 
continued  into  a  separate,  narrow,  vas  deferens,  the  end  of 
which  opens  into  a  long  invagination  of  the  integument — the 


diioted,  leads  to  the  outer  opening  of  the  eversible  peais  {Fijf, 
123,  I.,  II.). 

In  connection  with  the  female  genital  aperture,  there  is 
always  a  spermaCAeca,  or  aac  (which  is  sessile  in  the  Slugs, 
but  in  the  Snails  is  placed  at  the  extremity  of  a  long  daot), 
for  the  reception  of  the  acmen  of  the  other  individual  when 
COpulatioti  tnkes  place. 

The  ITiUcidm  alone  possess,  in  addition,  the  so-called  tae 
of  the  dart,  a  short  miiscular  bng,  in  which  pointed  chitinons 
or  calcified  bodies — the  spicuta  amori« — are  formed  ;  and 
certain  glandular  ciEca,  generally  arranged  in  two  digitate 
bundles,  termed  mucova  glands,  which  give  rise  to  a  milkj 
asoretion.     Sometimes  prottatic  fflands  a.re  develop^ 
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vas  deferens,  which  may  be  dilated  in  part  of  its  course  into 
a  vestcula  seminalis. 


Fio.  198.— I.  Peronla  verruculata.—a^  annn :  pl^  pnlmonary  apertare ;  g^  frenital  aper> 
tnre  ;  f$.  seminal  jsn'ooye:  p.  openinflr  for  the  penis. 

II.  Gen«'ratlTe  oruaos  of  the  same  animal,  the  OTOtoetis  betntr  omitted.— i;ra/,  gland 
which  famishes  a  glairj  secretitm ;  otf,  nvidnct :  vd^  vas  deferens;  <,  intestine ;  a. 
anns;  r»,  receptacalnm  feminis;  p,  aperture  of  the  penis;  j/.  penis:  c«,  ^emloai 
dact ;  a/7,  glandular  appendsge ;  m,  retimctor  mnsde  of  the  penis.  (After  Eerer- 
stein.) 

in.  Blind  end  of  a  follicle  of  the  ovotestls  of  ^Rrffo  jvomo^.  At  the  apex  the  sperma- 
tozoa nre  seen  in  different  sta<res  of  development,  the  fnlly-formed  spermatosoa 
floatinip  in  handles  in  the  cavitr  of  the  follicle.  Lower  down,  ova  are  developing 
in  the  walls  of  the  follicle.    (After  Eeferstein  and  Ehlers.) 


The  ova  are  imprecrnated  hipjh  up  in  the  oviduct,  and  are 
invested  by  a  relatively  very  large  mass  of  albumen  and  in- 
closed within  a  thick,  sometimes  calcified,  chorion.  The  mass 
inclosed  by  the  latter  may  be  a  tenth  of  an  inch  or  more  in 
diameter,  while  the  proper  ovum  may  have  not  more  than  a 
twelfth  of  that  size. 

There  is  no  trustworthy  evidence  of  the  existence  of  the 
opisthob ranch iate  Gasteropods  before  the  epoch  of  the  Trias, 
but  it  is  to  be  remembered  that  the  great  majority  of  these 
animals  have  no  shells.  Of  the  rest  of  the  preceding  groups 
of  Odontophora^  representatives  are  known  as  far  back  as 
the  middle  of  the  Palffiozoio  epoch,  while  Pteropoda^  HeterO' 
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poda,  and  Protobranchiata,  occur  in  the  SilurUn  formntioiM. 
Among  the  Piosobranchiata,  ihe  PaUllidm  and  tlie  AgpidO' 
branc/iia  are  the  cJiaracteristic  (onnB  of  the  older  formations, 
the  Clenohranchia  appea-rfng  later,  and  acquiring  their  pres- 
ent relative  abundance  only  in  the  later  secondary  and  the 
tertiary  epochs. 

Thb  Cephalopoda. — The  bilateral  fljtnmetry  which  is  so 
obvious  in  the  Polyptacophora  and  the  Scaphopoda  is  but 


thohornjclngoranai 


little  disturbed  in  this  group  of  the  Odontophora.  The 
mouth  and  the  anus  are  situated  in  the  median  plane,  trhich 
divides  the  bodv  into  corresponding  halves  ;  while  the  bran- 
chiae, two  or  four  in  number,  are  disposed  symmetrically  on 
each  side  of  this  plane,  aa  aire  the  brachial  prolongations  of 
the  margins  of  the  foot.  The  haemal  face  of  the  body,  how- 
ever, is  not  flat,  as  in  the  moUuska  which  have  just  been  men- 
tioned, but  is  elongated  perpendicularly  to  the  neural  face,  bo 
as  to  form  a  sort  of  sac,  invested  by  the  mantle.     On  the  pos- 


THE  CEPHALOPODA.  445 

terior,  or  anal,  face  of  the  sac,  the  mantle  incloses  a  large 
pallial  cavity,  in  which  the  branchiae  are  protected.  On  the 
anterior  aspect  of  the  sac,  on  the  contrary,  the  mantle  may 
have  no  free  edge,  or,  at  most,  forms  a  comparatively  small 
flap.' 

The  integument  is  provided  with  chromatophorea^  which 
are  sacs  with  elastic  walls,  full  of  pigment,  and  provided  with 
radiating  muscles,  by  which  they  mav  be  drawn  out  to  a  size 
many  times  greater  than  that  which  they  possess  in  their 
contracted  state.  In  their  dilated  condition,  the  color  proper 
to  the  contained  pigment  becomes  plainly  visible,  while  in 
their  contracted  state  they  appear  as  mere  dark  specks.  It 
is  to  the  successive  expansion  and  contraction  of  these  chro- 
matophores  that  the  Cephalopoda  owe  the  peculiar  play 
of  "shot"  colors,  which  pass  like  blushes  over  their  sur- 
face Id  the  living  state.  These  blushes  of  color  are  especial- 
ly well  displayed  by  young  Cephalopods  just  freed  from  the 

But  that  which  particularly  distinguishes  the  Cephalo- 
pod  is  the  form  and  disposition  of  the  foot.  The  margins 
of  this  organ  are,  in  fact,  produced  into  eight  or  more  pro- 
cesses, termed  arms,  or  brachia ;  and  its  antero-lateral  por- 
tions have  grown  over  and  united  in  front  of  the  mouth, 
which  thus  comes,  apparently,  to  be  placed  in  the  centre  of 
the  pedal  disk.  Moreover,  two  muscular  lobes  which  cor- 
respond with  the  epipodia  of  the  Pteropods  and  Branchio- 
gasteropods,  developed  from  the  sides  of  the  foot,  unite  pos- 
teriorly, and,  folding  over,  give  rise  to  a  more  or  less  com- 
pletely tubular  organ,  the  funnel,  or  infundihulam.  The 
open  end  of  the  funnel  projects  between  the  posterior  face 
of  the  body  and  the  pallial  wall  of  the  branchial  cavity,  and 
serves  to  conduct  the  water,  when  it  is  driven  out  of  the 
latter  by  the  contraction  of  the  mantle  in  ordinary  expira- 
tion ;  and  when  the  animal  swims,  the  stream  forcibly  driven 
out  in  this  way  causes  it  to  dart  swiftly  backward. 

The  aperture  of  the  mouth  (Fig.  125,  a)  is  provided  with 
a  hard,  chitinous  beak,  like  that  of  a  parrot,  the  two  divis- 
ions of  which  are  anterior  and  posterior.  Of  these,  the 
anterior  is  always  the  shorter,  and  is  overlapped  by  the 
other. 

»  Cephalopoda  are  usually  described  as  if  the  oral  end  of  the  body  were  the 
upper  endf  and  the  face  on  which  the  pallial  chamber  is  placed  ventral— « 
method  which  seriously  interferet  with  the  comprehension  of  their  reUtioiui 
with  other  MoUusks. 
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Within  the  cavity  of  the  mouth  is  an  odontophore,  with 
its  mduta  (Fig.  126,  II.)  ;  and  the  long  gullet  parses  back  oa 
the  middle  line  to  open  into  the  stomach,  which  is  situated 


PlB.  Its,— Dlognmoistlc  (ptilon  of  «  female  Stpia.~a.  Bnccal  ms«i  inrroonil^a  by 
Ihs  llpa,  and  ihuwiDe  (b«  hcirny  }bhi  ind  IiiD^oc;  b.  ouopbafua:  e,  ullnrf 
slanil:  d.  noattcb:  e,  pibrlc  aecnm:  a.  tbe  IniptilDa:  h.  On  snne;  (.  ibs  Ink- 
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Oed  nurelni  or  tlie  fool,  comtttnlliis  the  •o-called  arma  o[  lbs  Sipla. 


toward  the  middle,  or  the  end,  of  the  mantle-sac.  From  tbe 
atontaiiih,  the  iatestine,  more  or  lesa  bent  upon  itself,  passes 
toward  the  neural  aspect  of  the  body,  and  ends  In  the  median 
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anus.  Hence  the  alimentary  canal  has  a  well-marked  neural 
flexure  (Fig.  125). 

Except  in  Nautilus^  one  or  two  pairs  of  salivary  glands 
are  present  (Fig.  126, 1,  s').  The  liver  (Fig.  126,  I.  h)  is  al- 
ways large  ;  and  there  are  two  hepatic  ducts  (Fig.  126, 1.  <7/i), 
beset  for  a  greater- or  less  extent  with  glandular  follicles,  gen- 
erally considered  to  be  pancreatic  in  function.  Very  often  a 
large,  sometimes  spirally  wound,  caecum  is  developed  from  the 
commencement  of  the  intestine  ;  into  this  the  hepatic  ducts 
open. 

The  heart  (Fig.  127,  c)  is  placed  upon  the  posterior  face 
of  the  body  on  the  haamal  side  of  the  intestine,  and  receives 
the  blood  by  branchio-cardiac  vessels,  which  correspond  in 
number  with  the  gills,  and,  as  they  are  contractile,  might  be 
regarded  as  auricles.  The  gills  themselves  have  no  cilia,  and 
are,  in  some  cases,  if  not  always,  contractile.  The  arteries 
end  in  an  extensively-developed  capillary  system,  but  the 
venous  channels  retain  to  a  greater  or  less  extent  the  char- 
acter of  sinuses.^  The  venous  blood,  on  its  way  back  to  the 
heart,  is  gathered  into  a  large,  longitudinal  sinus — the  vena 
cava — which  lies  on  the  posterior  face  of  the  body,  close  to 
the  anterior  wall  of  the  branchial  chamber,  and  divides  into  as 
many  afferent  branchial  vessels  as  there  are  gills.  Each  of 
these  vessels  traverses  a  chamber  which  communicates  di- 
rectly with  the  mantle-cavity,  and  the  wall  of  the  vessel  which 
comes  into  contact  with  the  water  in  this  chamber  is  saccu- 
lated and  glandular '  (Fig.  127,  re).  Each  chamber,  in  fact, 
represents  a  renal  organ.  The  pericardium,  and  the  sacs  in 
which  the  testes  and  ovaria  are  lodged,  may  communicate 

>  Milnc-Edward«, "  Rccherchea  Anatomiques  et  Zoologiques.  Premiere  Par- 
tie."    **  ObBervationa  et  Experiences  aur  la  Circulation  chez  les  MollusqueB," 

»  On  acootint  of  tbo  transparency  of  the  tissues  in  the  living  Loligo  media^ 
this  species  affords  an  easy  opportunity  of  observing  the  rhythmical  contrac- 
tions of  the  branchisB,  and  their  afferent  and  efferent  vessels.  For  thispuiw 
pose  the  mantle  should  be  laid  open,  and  the  nidimental  glands  carefully 
removed.  The  sacculated  afferent  vems  and  the  branchial  hearts  contract 
about  sixtv  times  a  minute.  The  pulsations  of  these  veins,  and  of  the  bran- 
chial hearts,  are  not  synchronous.  The  branchial  veins,  and  the  lamcllee  of 
the  branchiae,  also  contract  rhythmically,  but  I  could  observe  no  contraction  in 
the  branchial  arteries.  The  portion  of  the  branchial  vein  which  lies  between 
the  bane  of  the  gill  and  the  systemic  ventricle  is  very  short,  and  it  is  hard  to 
say  whether  it  contracts  independently  or  not.  Mechanical  irritation  causes 
contraction  both  of  the  afferent  branchial  veins  and  of  the  branchial  hearts. 

In  the  living  EUdone  eirrhosut  I  have  observed  regular  rhythmical  con- 
tractions of  the  vena  cava  itnelf  as  well  as  of  its  divisions,  the  sacculated  affe- 
rent bnncbiftl  veins,  of  the  branohial  hearts,  and  of  the  branchio-cardiac  ve»- 
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■wilfa  thu  p&llial  Cflvtty  either  direcllr  or  through  ibese  cham- 
bera.    Thus,  in  Stpia  officinalia,  ^roba  '  observed  Uiat  Um 
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renal  chambera  comTOuiiicate  not  only  with  the  cavities  in 
which  tlip  bronchial  hearts  are  lodged,  but  with  o  chaiober 
which  contains  the  stomach  and  the  spirni  pyloric  appendagfis ; 
and  that  all  these  carilies  are  disteniled  when  air  is  blown 
into  one  renal  chamber.  In  Eledonc,  on  the  coiitrarv,  he 
found,  and  I  have  repeated  the  observation,  that  □□«>.  renal 

'  "Ceber  do 
far  AnMomia," 


THE  OEFHALOFODA.  ^9 

cbamber  can  be  fully  distended  without  the  air  passing  into 
the  other. 


tb««e  *eM*lii :  S.  i,  larKs  ] 

veuelf  :  E,  a.  T,  eUTinrenl  bmncniai  vn; 

or  ■nrlealu  trunki.   (Afier  Bnntei'.) 

In  Nautilus  pompiliua  there  are,  as  Valenciennes  discov- 
ered, three  pairs  of  openings  wbich  lead  from  the  branchial 
sac  into  chambers  contained  in  the  interior  of  the  body.  Of 
these  chambers  there  are  five  :  the  anterior  and  posterior 
pairs  are  situated  on  each  side  of  the  rectum,  and  each  has 
Its  own  opening  ;  the  fifth,  a  very  much  larger  chamber,  has 
two  openings,  one  on  each  side.  It  is  coextensive  with  that 
part  of  the  mantle  which  lies  behind  the  insertion  of  the  shell- 
muscles  and  the  homy  band  which  connects  them.  It  is 
separated  from  the  paired  chambers  by  their  inner  walls,  and 
these  walls  are  traversed  by  the  afferent  branchial  veins. 
Appendages  of  these  veins  project  on  the  one  hand  into  the 
paired  chambers,  and  on  the  other  into  the  single  chamber. 
The  latter  appendages  arc  elongated  pnpillffl,  while  the  for- 
mer are  lamellar.  Earthy  concretions,  composed  mainly  of 
phosphate  of  lime,  but  which  yield  no  trace  of  uric  acid,  are 
usually  found  in  the  paired  sacs.* 


ISST).     HdiIbt,  "On  poroe  Pointa  in  the  Anatomy  of  Nrmtaut  pomniltm. 
{"  ProceedinM  of  the  Linnppwi  flo<MetT,"  18S8).     Sm  »1»o  Kefentem,  Bronn'a 
"  Elusan  d.  Ordnungen,"  Bd.  iiL  {186a-'fl6).  pp.  1890, 1319. 
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The  nervous  system  in  the  Cephalcpoda^  as  in  other  Jl/b/- 
lutca,  consists  of  cerebral,  pedal,  and  pniieto-splniichnic  ^n- 
glia,  aggregated  around  the  gullet,  and  connected  bj  com- 
mtssural  cords.  In  additicti  to  tbese,  buccal,  viscprai,  bran- 
cbial,  and  palllal  ganglia  may  be  developed  on  tbe  nenes 
wbicli  supply  the  buccal  mass,  tbe  alimentary  canal,  bcart, 
branchia,  and  mantle. 

Ill  the  Dibranchiaia  (Fig.  128),  tbe  three  principal  pairs 
of  ganglia  are  usually  large,  and  so  closely  aggregated  to- 
gether that  the  commisiurea  are  not  readily  distinguishable. 
The  optic  nerves  are  vcrv  large;  one  or  two  nerves  are  given 
oflf  to  the  superior  or  anterior  buccal  ganglia,  which  have  co- 
alesced into  one  mass,  and  sre  united  by  commissures,  nliicb 
encircle  the  oesophaguf,  with  the  coalesced  inferior  or  pos- 
terior buccal  ganglia.  The  pedal  ganglia  lie  on  the  pcs- 
terior  side  of  the  gullet,  and  supply'  the  lorge  nerves  to  the 
arms,  and  those  to  tbe  funnel,  while  ihc  auditory  nerves  are 
immediately  connected  with  them.  Each  parieto-^plancfanic 
ganglion  gives  off  a  nerve  which  runs  along  the  ebell-musclea 
to  the  anterior  wall  of  the  mantle,  and  there  enters  a  large 
ganglion,  tbe  ganglion  sttH<itiir».  A  large  median  branch,  or 
branches,  from  the  pnrieto-spljinchnic  ganglia,  accompanies 
the  vena  cava,  and  ia  distributed  [o  the  branchiae  and  sexual 
organs.  The  inferior  buccal  ganglion  sends  a  recurrent  nerve 
along  the  cesophagus,  which  ends  in  a  ganglion  on  the  stem- 
ach.' 

The  nervous  srstem  of  X^atttihta  differs  in  some  iniportiuit 
particulars  from  that  of  the  Xtifirancfita/a.  The  cerebral 
ganglia  are  represented  by  a  thick  trnnsverEe  cord,  wluth  lies 
in  front  of  the  cesophagus,  and  from  the  outer  angles  of  wbinh 
the  optic  and  olfactory  nerves  are  given  off,  while  uerves  to 
the  buccal  mass  proceed  from  its  anterior  edge.  The  pedal 
ganglia  lie  close  to  the  cerebral  ganglia,  and  are  united  by  a 
Blender  commissure,  which  passes  behind  the  gullet.  They 
supply  all  the  brachial  processes  and  the  funnelwith  nerves, 
and  the  short  auditory  nerves  are  connected  with  them,  Tbe 
parie to-splanchnic  ganglia  are,  like  the  cerebral  ganglia,  elon- 
gated, and  together  constitute  a  thick  cord,  which,  united  at 
each  end  with  the  cerebral  ganglia,  forms  a  hoop  round  the  giJ- 
let,  distinct  from  the  pedal'nerve-arch,  and  separated  from  it 
by  a  process  of  the  cartilaginous  skeleton.    The  largest  nervca 
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giren  off  from  these  ganglia  are  those  which  go  to  the  bnui; 
chiie. 

Eyes,  olfactory  organs,  and  auditory  sacs,  are  always 
present.  The  eyes  of  the  Cephalopoda  may  be  lodged  in 
orbital  cavities  at  the  sides  of  the  bead,  as  in  all  the  Dibran- 
chiata  ;  or  may  be  pedunculated,  as  in  I^TattCilus.  In  the 
former  case,  the  eye  is  inclosed  partly  by  the  cephalic  car- 
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tilage,  to  which  sometimss  special  orbital  cartilages  are  add- 
ed, and  partly  by  a  fibrous  capsule  continuous  with  these. 
The  fibrous  capsule  becomes  transparent  over  the  eye,  and 
gives  rise  to  what  is  variously  interpreted  ns  the  representa- 
tive of  the  cornea,  or  as  that  of  the  evelids  of  vertebrated  ani- 
mals.  This  transparent  coat  is  sometimes  entire,  or  presents 
only  a  small  perforation  ( Octopus,  Sepia,  lioligo,  Hnd  the 
other  Myopiidtx  of  D'Orbigny)  ;  sometimeB  it  has  a  wide 
opening,  through  which  the  crystalline  lens  may  project  (Zo- 
ligophea,  Ommastrepaia,  and  tlie  other  OigopsidoB  of  D'Or- 
bigny) ;  and  sometimes  it  is  altogether  absent,  and  the  capsule 
of  the  eye  becomes  an  open  cup  {^N^autUiis). 

In  the  J)ibranchiaia,'  a  great  part  of  the  chamber  of  the 
capsule  of  the  eye  is  occupied  by  the  ganglion,  into  which  the 
optic  nerve  enlarges  after  entering  it  ;  by  muscles  ;  and  by  a 
peculiar  white  glandular  substance.     Lining  the  capsule,  but 

■  "Trans.  Lianeein  Societv,"  1S3G. 

>  Sei  HetiBen,  "  Uebar  du  Auge  eiDitcer  CcphalopodoD."      (Ztittcir4/t  /Or 
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not  adherinff  to  its  inner  suxf  aoe,  in  front,  is  the  tSlTBrj 
tuMy  forinea  of  two  layers.  These  pass  into  one  another' at 
the  edges  of  the  free  prolongation  of  the  tapetum,  whidi  fomt 
the  iris.  Longitudinal  muscular  fibres  are  interposed  betweei 
the  two  layers  of  the  tapetum.  Under  the  tapetiun  is  a  layer 
of  cartiloge,  which  forms  the  inner  capsule  of  the  eye,  extendi 
as  fur  as  the  iris  externally,  and  is  perforated  by  the  fibres  of 
the  optic  nen*e  on  its  inner  side.  The  free  edge  of  the  inner 
capsule  gives  attachment  to  a  thick  rim  of  connective  tissoei 
containing  muscular  fibres.  This  so-called  ciliary  body  enten 
the  deep  groove  which  surrounds  the  lens ;  the  latter  is,  in 
fact,  made  up  of  layers  of  structureless  membrane,  which  are 
cuticular  productions  of  the  ciliary  body.  In  shape,  the  lens 
is  elongated  in  the  direction  of  the  axis  of  the  eye,  so  as  to 
bo  almost  a  cylinder  with  convex  ends,  and  thus,  with  its  deep 
equatorial  groove,  into  which  the  ciliary  body  fits,  it  has  a 
woiulorfiil  rosemblanco  to  a  Coddington  lens.  The  Yitreoos 
humor  is  a  transparent  fluid.  The  retina  lines  the  inner  cap- 
sule, and  n)uy  be  divided  into  an  outer  and  an  inner  stratum, 
Sf'pn rated  by  a  pigment  layer.  The  inner  stratum  is  formed 
of  prismatic  or  cylindrical  rods,  the  outer  ends  of  which  abut 
upon  the  pi|::ment,  while  their  inner  ends,  turned  toward  the 
cavity  of  the  eye,  are  covered  by  a  thick  hyaloid  membrane. 
The  outer  stratum  contains  the  plexus  of  the  fibres  of  the 
optic  nerves,  and  numerous  cells  (ganglionic),  supported  by 
connective  tissue.  The  terminations  of  the  nerves,  therefore, 
must  traverse  the  pigment  layer  to  reach  the  rods. 

It  will  bo  observed  that  the  apparent  resemblances  between 
the  cephalopodous  and  the  vertebrate  eye  are  merely  super- 
ficial, and  disappear  on  detailed  comparison. 

In  NautilttSy  the  eye  has  neither  cornea,  lens,  nor  vitreous 
humor,  but  is  a  mere  cup,  lined  by  the  retina.  The  aperture 
for  the  admission  of  light  is  exceedingly  small. 

The  olfactory  organs,  the  true  nature  of  which  was  dis- 
covered by  Koiliker,'  are  sometimes  pits,  sometimes  papilhs 
of  the  integument,  situated  behind  or  above  the  eyes.  In  the 
TeuthidcB  and  Sepiadce^  they  are  depressions  above  the  eyes; 
in  the  Octopoda^  they  are  either  depressions  or  papillae  {At' 
gonauta  and  Tremoctopus)  in  the  same  position,  but  nearer 
the  anterior  face  of  the  body.  In  Nautilus^  they  are  elon- 
gated, tentaculiform,  and  situated  immediately  behind  the 
eyes. 

>  **  Entwiokelimgsgeschichte  der  Cephalopoden,''  1841,  p.  lOT. 
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In  the  Dibranchiata,  the  auditory  sacs  are  lod^d  in  cavi- 
ties of  the  cephalic  cartilage,  and  contain  a  single  large 
otolith,  composed  of  carbonate  of  lime,  uod  of  rounded  or 
irregular  but  definite  and  characteristic  form.  In  J^avtiittg, 
Dr.  Macdonatd  discovered  that  the  auditory  sacs  are  attached 
to  the  pedal  ganglia,  and  are  not  lodged  in  the  cranial  cartilage. 
They  contain  numerous  otoliths. 

An  endoskeleton  formed  of  true  cartilage  is  developed  in 
the  region  of  the  principal  ganglia,  and  sometimes  furnishes 
them  with  a  complete  investment.  It  gives  attachment  to  the 
most  important  muscles.  In  some  Cephalopods  additional 
cartilages  appear  in  the  mantle  and  in  the  funnel.  The  mus- 
cular fibres  of  the  Cephalopoda  are  unstriated. 

The  sexes  are  distinct,  and  the  reproductive  organs  are  un- 
like those  of  other  Mollusks.  They  consist,  in  both  sexes 
(Fig.  129),  of  lamellar  or  branched  organs,  the  cellular  con- 
tents of  which  are  metamorphosed  into  ova  or  spermatozoa, 


Fia.  m.—Sipla  qglstnaUi 


al  spermrc.  iAtltt  Duvornoy.) 
ale  genital  oruuiB :  a.  anai  -  '  ' 
Tldncsl  eland :  ir>ii  nidinui 


and  which  are  attached  to  one  point  or  line  of  thewall  of  a 
chamber,  which  communicates  with  the  paUial  cavity  by  two 
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symmetrioally  -  disposed  oviducts,  in  the  females  ot  m 
species;  but' in  most  female,  and  almost  all  malei  CSopli 
pods  *  it  has  only  one  duct,  the  terminati<m  of  which  is  osn 
situated  on  the  left  side,  but  maj  be  near  the  middk 
(male  NdtaUus)^  or  eyeti  on  the  right  aide  (female  JTrntHi 
In  the  female,  the  oviduct,  or  oviducts,  present  giandolar 
largements.  In  addition,  two  lamelUu*  nidamentai  gkmd$ 
developed  upon  the  walla  of  the  branchial  cavity,  and  to  tl 
accessory  glands  may  be  added.  These  glands  secrete  a 
cid  fluid,  which  invests  the  ova,  and  connects  them,  when  li 
into  variously-shaped  aggregations.  In  the  nude,  a  prosti 
eland  furnishes  the  materialof  the  cases,  or  spennaiopha 
m  which  packets  of  spermatozoa  are  contained,  and  wfa 
sometimes  possess  a  very  complicated  stmoture. 

In  the  Dibranchiatay  the  spermatophores  are  slen 
cylindrical  bodies  which  may  reach  half  an  inch  in  leng 
They  have  an  external  structureless  case,  thinner  at  one  c 
than  the  other,  and  often  ending  in  a  fine  filament  at  the  tl 
end.  Within  this  case,  filling  its  thicker  end,  and  as  much 
half  or  two-thirds  of  the  rest  of  its  cavity,  is  a  delicate  i 
full  of  spermatozoa. 

The  rest  of  the  case  is  occupied  by  a  very  singular  elas 
body,' in  form  somewhat  resembling  the  sponge  of  a  gun  w 
a  spiral  screw  turned  on  the  handle.  The  enlarged  ^'spong 
end  of  this  body  is  fastened  by  a  delicate  prolongation  to  1 
spermatic  sac,  while  the  ^^  handle,"  being  too  long  to 
straight,  is  coiled  up  at  the  end  opposite  to  the  sponge,  a 
then  fastened  to  the  outer  case.  When  these  bodies  co 
into  contact  with  water  they  undergo  strange  contortio 
and  finally,  the  thin  end  of  the  case  giving  way,  the  spri 
frees  itself,  starts  out  of  the  case,  and  drags  with  it  the  sp 
matio  sac' 

In  NautiluSy  according  to  Van  der  Hoeven,  the  sperms 
phores  have  a  much  simpler  structure. 

The  male  Cephalopods  are  distinguished  from  the  fema 
by  the  asymmetry  of  their  arms,  one  or  more  of  which, 
one  side,  are  peculiarly  modified,  or  hectocotj/lized. 

Some  Cephalopods  are  devoid  of  any  shell,  but  most  p 
sess  a  pallial  shell,  which  is  either  external  or  internal, 
ihe  former  case,  the  visceral  sac  is  lodged  within  that'  part 

>  Keferstein  found  two  daots  in  a  male  Eledane  moichata. 

*  For  the  rainnte  atruotoro  of  theae  cnrioua  apennatic  cartridges,  m<  Mill 
Edwaida'a  elaborate  eaaay,  **  Obaenratiotia  anr  lea  SpermatcmhorM  dea  lA 
Itiaqtiea  Ciphalopodea."  .  Q'  Annaka  dea  Sdenoaa  NafiwUlea,^  1840.) 
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the  cavity  of  the  shell  which  lies  nearest  its  open  end,  and 
the  rest  of  the  cavity  is  divided  into  chambers,  which  contain 
air,  by  transverse  septa.  The  septa  are  perforated,  and  a  pro- 
longation of  the  mantle — ^the  siphuncle — is  continued  through 
the  series  of  perforations,  as  far  as  the  apical  chamber  of  the 
shell.  The  internal  shells  of  the  Cephalopods  may  have 
very  various  foi-ms,  and  may  even  be  chambered  and  siphun- 
culated ;  but,  in  this  case,  the  chamber  nearest  the  mouth  of 
the  shell  is  small,  and  incapable  of  lodging  the  viscera. 

Our  knowledge  of  the  development  of  the  Cephalopods  is 
confined  to  that  of  the  Dibranchiata,^  In  these,  the  yelk 
undergoes  partial  division,  and  the  blastoderm,  formed  upon 
one  face  of  it  by  the  smaller  blastomeres,  spreads  gradually 
over  the  whole  ovum,  inclosing  the  larger  and  more  slowly- 
dividing  blastomeres.  The  mantle  makes  its  appearance  as 
an  elevated  patch  in  the  centre  of  the  blastoderm,  while  the 
future  arms  appear  as  symmetrically-disposed  elevations  of 
the  periphery,  on  each  side  of  the  mantle.  Between  these 
and  the  edge  of  the  mantle,  two  longitudinal  ridges  mark  the 
rudiments  of  the  epipodia,  while  the  mouth  appears  in  the 
middle  line,  in  front  of  the  mantle,  and  the  anus,  with  the 
rudiments  of  the  gills,  behind  it.  The  rest  of  the  blastoderm 
forms  the  walls  of  a  vitelline  sac,  inclosing  the  larger  blasto- 
meres. 

The  pallial  surface  now  gradually  becomes  more  and  more 
convex,  the  posterior  margin  of  the  mantle  growing  into  a 
free  fold,  which  incloses  the  pallial  chamber  and  covers  over 
the  gills. 

The  internal  shell  is  developed  in  a  sac  formed  by  an  in- 
volution of  the  ectoderm  of  the  mantle.  The  epipodia  unite 
behind,  and  give  rise  to  the  funnel,  while  the  anterolateral 
portions  of  the  foot  grow  over  the  mouth,  and  thus  gradually 
force  the  latter  to  take  up  a  position  in  the  centre  of  the  neu- 
ral face,  instead  of  in  front  of  it.  The  y elk-sac  gradually 
diminishes,  and  the  contained  blastomeres  are  finally  taken 
into  the  interior  of  the  visceral  sac,  into  which  the  alimentary 
canal  is  pjadually  drawn. 

The  Cephalopoda  arc  divided  into  two  very  distinct 
groups,  the  Tetrabranchiata  and  the  Dibranchiata, 

The  Tetrabranchiata  possess  an  external  chambered  si- 

*  Kelliker,  "  Entwickolungsg^schichte  der  Cephalopoden,"  1841.  Gre- 
nacher,  *'  Zur  EntwickeliingseeBohichte  der  Cephalopoden "  (Zeittchri/t  f&r 
fffiiff.  ZooloftU^  1878).  Lankesteri  *^  ObseryationB  on  the  Cephalopoaa*' 
{QuarUrlff  Journal  of  Mier.  Scienet,  1876). 


lJ^jflifltfTi}f*T  ^^^''  ^Tht-  t*i  ■■■■■— 1  ^^nibff  ^nHiih  Smikv  ' 
Mtf  itf  xur  iVK.  and  dw  botfa-  id"  Ife  wriwl  o^  ke  ai 
(ctT  Tenxcted  intf  h.  "Wi^  mm  ia  ■^m  «Hdr  csa 
JCoufiittf    trig.  130;.  tfar  ri»Il  m  iMfluJ  nte  a 

lie  tbt  tmaBuioBi  t'lmTflin",  ino  "vdiibk  de  vikfc  | 
Cftu  U-  nnmtsefL  m  coiHeqiunth-  yu—rinr  lo  die  axsB  of 
jbelU.  Is  Ji'ataiku,  tiie  bwriia]  ]»«» 
•CH  m>  aaeailiuiK  uu^  at  exist  is  ibc 

B  of  t&f  JEwA  SIT  nrifdaccd 


Ktlt,  viiicL.  in  imtn,  iwE  the  finm  of  a ^wtij  hooJ  « 
uAtmaH^sd  kuc&uk  ;  wliilc.  «  -dx  aAt%,  it  is  AnAed 
tOMBv  jiiiiiiii^  ■  of  nxwqna]  leojitlK.  ^*'*'*~^,  liK  kl« 
tbe  viitsK^  ajv  Kparmtad  xkum^luuii  dw  jj^iMrta-  fast  of 
Jsi^iL  1>^  a  iri^  iniB-ral,  bm  aic  Tirmii  jifaove  ^'a 


inuKular  uthmaE.     TTie  oentnl  portion  of  tbe  sheath 
br'jad,  iriinfTular,  hood-like  pUte,  the  apex  of  which  it  f 
Jt  cjnUiiu  two  lonff,  narrow  cavities,  each  of  which  lodgi 
biritacle.     The  tentacle  consists  of  a  slender  stem,  on  wl 

'  0»«ii."  Memoir  <m  thtP««J*S«iii31ni,"18JS.    Tm  d«r  Bowmen, " 
Mlw  dM  fttimm  Krtnnlka,"  fSM.    E«dbiifain  la  Bnan'i  "EImm 
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are  set  a  great  number  of  transverse  plates,  in  such  a  manner 
that  the  axis  of  the  stem  passes  through  the  centre  of  the 
plates.  The  anterior  and  lateral  regions  of  the  hood  are 
completed  by  two  narrower  processes,  each  of  which  contains  a 
similar  tentacle,  and  the  lateral  portions  of  the  sheath  are 
formed  by  sixteen  or  seventeen  smaller  tentaculiferous  pro- 
cesses, the  surfaces  of  which  are  more  or  less  distinctly  an- 
nulated.  When  the  sheath  is  opened  out,  there  is  seen  to  be 
attached  to  its  inner  surface,  on  each  side,  close  to  the  reen- 
tering angle  between  it  and  the  lip  which  surrounds  the  beak, 
and  along  the  line  of  junction  of  the  lateral  part  of  the  sheath 
with  the  isthmus,  a  thin,  free,  quadrate  lobe,  which  carries 
twelve  tentacles.  The  isthmus  joins  the  posterior  edges  of 
these  outer  tentaculiferous  lobes^  as  well  as  those  of  the  two 
halves  of  the  sheath,  and  it  exhibits  on  its  anterior,  or  inner, 
surface  a  broad  area  beset  with  delicate,  close-set,  curved 
laminae.  Two  other  similar,  but  much  thicker,  inner  tenta- 
culiferous lobes,  which  also  carry  twelve  tenlacles,  lie  be- 
tween these  and  the  lip.  They  are  quite  free  from  the  outer 
tentaculiferous  lobes,  and  unite  with  the  sheath  only  above 
and  behind.  Like  the  halves  of  the  sheath,  these  two  lobes 
are  united  behind  by  a  thick  isthmus,  the  surface  of  which 
presents  a  number  of  parallel  longitudinal  laminae.  The 
beak,  which  is  hidden  by  the  sheath  and  the  lobes,  is  sur- 
rounded by  the  thin  circular  lip  already  mentioned,  the  free 
margin  of  which  is  papillose.  Besides  these,  there  is  a  short, 
conical  tentaculiferous  process  above  the  pedunculate  eye,  and 
another  below  it.  In  the  male,  the  internal  tentaculiferous 
lobes  are  wanting,  and  the  outer  tentaculiferous  lobes  are 
divided  into  two  portions,  an  anterior  which  bears  eight,  and 
a  posterior  with  four,  tentacula.  On  the  left  side,  the  four 
tentacles  of  the  posterior  division  have  undergone  much  mod- 
ification, and  are  converted  into  a  peculiar  organ  termed  the 
spadix^  which  bears  a  disooidal  follicular  gland  upon  its  outer 
surface.  There  is  thus  a  kind  of  hectocotj^lization  in  the 
Tetrabranchiata, 

The  margins  of  the  united  epipodia  are  not  united  into  a 
tubular  funnel.  They  constitute  a  muscular  membrane,  nar- 
row on  the  anterior  face  of  the  body,  but  becoming  wide,  and 
folded  in  such  a  manner  that  its  posterior  edges  overlap,  be- 
hind. 

The  mantle  has  a  broad  anterior  fold,  which  covers  the 
anterior  convexity  of  the  shell,  and  the  region  which  it  thus 
invests  is  black.     The  pallial  cbamber  does  not  extend  for 
20 
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more  than  three-fiftbs  of  the  length  of  the  bodj,  and  ia  lhe»- 
fore  much  less  deep  than  in  the  Diir<mehiaSk».  The  am 
opens  in  the  middle  line  on  the  posterior  wmll  of  the  paffid 
caTity,  dose  to  its  junction  with  the  anterior  wmIL  The  tarn 
branchiss  are  attached,  two  on  each  side  of  the  aiiiia^  to  tht 
posterior  wall  of  the  branchial  chamber,  and  the  inner  bnuneUi 
IS  shorter  than  the  outer.  The  nidamental  glands^  oompossd 
of  numerous  vertical  lamellie,  partly  covered  bjr  a  fold  of  ths 
lining  membrane  of  the  pallial  cavity,  are  situated  on  the 
posterior  wall  of  that  cavity,  almost  midway  between  iti 
union  with  the  anterior  wall  and  its  free  edge.  The  paind 
ronal  chambers  lie  immediately  above  them  also,  in  the  pos- 
terior wall  of  the  pallial  cavity. 

The  buccal  mass  is  very  large,  its  length  amounting  to 
one-third  that  of  the  body.  The  ai>ices  of  the  great  bony 
boaks  are  obtuse,  and  are  coated  with  a  oaloareons  dqxisit 
The  oesophagus  dilates  into  a  wide  crop  and  is  separated  bf 
a  constriction  from  the  stomach,  the  chitinous  lining  of  which 
is  Uiiok  and  ridged.  The  pyloric  csecum  is  small  and  ronnded, 
and  tho  intestine  makes  two  bends  upon  itself  before  reaching 
the  anus.  Salivary  glands  appear  to  be  wanting,  unless  cer- 
tain glandular  bo<}ics  placed  within  the  buccal  mass  should 
be  of  this  nature. 

The  liver  is  a  loosely  racemose  gland,  divided  into  four 
lobes,  and  is  lodged  in  the  anterior  part  of  the  perivisoeral 
cavity.  Tlicre  is  no  ink-bag,  and  there  are  no  branchisi 
hearts.  The  quadrate  svstemio  heart  is  situated  on  the  left 
side  of  the  posterior  face  of  the  body,  close  to  the  junction 
of  the  posterior  with  the  anterior  wall  of  the  pallial  cavitj. 
It  receives  four  branchio-cardiac  veins  ;  and,  attached  to  it,  is 
a  pyriform  sac,  which,  according  to  Keferstein,  opens  into  the 
psJlial  cavity. 

The  cartilaginous  skeleton  supports  the  pedal  and  parieto- 
splanchnic  ganglia,  but  does  not  encircle  the  gullet,  or  roof 
over  the  cerebral  ganglia.  Two  long  processes  of  the  skele- 
ton pass  into  the  funnel  and  give  attachment  to  its  muscles. 
Two  large  shell-muscles  ace  attached  to  it ;  and,  passing  up- 
ward and  outward,  are  inserted  into  oval  chitinous  patches 
visible  on  the  outer  surface  of  the  mantle,  and  connected  to- 
gether by  a  thin  ring  of  the  same  substance  (the  annuhu) 
which  encircles  the  mantle. 

The  oviduct  does  not  arise  directly  from  the  sac  in  which 
the  ovary  is  lodged,  but  from  a  distinct  chamber,  into  which 
the  ovarian  sac  opens.     A  laige  albumen-gland  poors  its 
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secretion  into  the  ovarian  sac.  The  vas  deferens  similarly 
takes  its  origin,  not  from  the  sac  of  the  testis  but  from  a 
smaller  chamber  communicating  therewith.  The  commence- 
ment of  the  vas  deferens  is  enlarged  and  glandular.  Nothing 
is  known  of  the  development  of  the  Tetrabranchiata, 

The  only  existing  representatives  of  the  Tetrabranchiata 
are  the  different  varieties  of  "pearly  nautilus''  (Nautilus 
pompiliu8)y  which  are  found  in  the  southern  seas,  living  at 
the  bottom  at  a  considerable  depth.  The  genus  is  one  of  the 
oldest  in  existence,  since  it  is  traceable  through  the  whole 
series  of  fossiliferous  rocks  as  far  back  as  the  Silurian 
epoch. 

Along  with  it,  in  the  Palaeozoic  formations,  occur  numer- 
ous closely-allied  forms,  which  differ  from  Nautilus  mainly  in 
the  different  curvature  (Lituites^  Oyroceras^  Trochoceras)  or 
straightness  ( OrthoceraSy  Oomphoceras)  of  the  shell,  and  in 
the  varying  position,  proportions,  and  degree  of  calcification 
of  the  siphuncle. 

In  the  middle  of  the  Palseozoic  strata  (Devonian),  Tetra- 
branchs  {AmmonitidcB)  appear,  in  which  the  margins  of  the 
septa  are  strongly  bent,  whence  their  edges  appear  as  zigzag 
transverse  lines,  folded  into  lobes  and  saddles^  when  the  outer 
layer  of  the  shell  is  worn  away  ( Goniatites^  Ceratites) ;  and, 
in  the  Mesozoio  epoch,  the  lobes  and  saddles  become  extreme- 
ly complicated,  while  the  shells  may  be  straight,  simply 
curved,  or  bent,  or  turbinated  {Ammonites^  JBaculites,  Turri- 
lites).  The  Ammonitidce  are  extraordinarily  numerous  in 
the  Mesozoic  epoch,  but  no  trace  of  them  has  been  found  in 
tertiary  or  quaternary  formations. 

Associated  with  AmmoniteSy  and  not  unfrequently  lodged 
in  the  terminal  chamber  of  the  shell,  are  the  so-called  Aptychi. 
These  are  plates  of  a  shelly  substance,  three-sided,  with 
rounded-off  angles,  and  applied  together  by  their  straightest 
edges  so  as  to  resemble  bivalve  shells.  They  consist  of  two 
layers,  an  inner  and  an  outer,  of  which  the  inner  presents 
lines  of  growth,  concentric  with  the  angle  of  each  plate  which 
is  situated  on  that  side  of  its  broad  end  which  is  applied  to 
its  fellow.  The  outer  layer  is  composed  of  many  laminae,  and 
is  traversed  by  pores.  Its  free  surface  frequently  presents 
longitudinal  ridges.  The  heart-shaped  plates,  undivided  by 
a  suture,  which  are  found  in  some  Ooniatites  and  AmmoniteSy 
are  termed  Anaptychi. 

The  Aptychiy  when  undisturbed,  occupy  the  middle  of  the 
posterior  wall  of  the  terminal  chamber  of  the  Ammonite,  and 
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' ,  - i  whii-li  iIu'  w.ii'i-  i.ik.vi    iiilo  the  branchiitl   i 

'".■.'.TV  iiiiri'i.-ii'i  i-<  i'ifii-a.     V.TV  often,  a  valve 

'      ...till-  Ili>w  I'f  "Ml.r  In.'k  int.i  t'lio  in;mtlc  eaviti 

■      ,.';  (villiiu  til.-  iiui-i.-l.     -ni.-c,.  iin-  two  brunch i.-,.,  a 

....'rniiiwti'S    lii'iiv.-i-u  ilu'iii  it)  tli.-  antcrinr  wall 

-..il  I'M.  ""  "'lii''"  :>'•'>'  i'"'  iii'Unii'iital  glands  ar 

I'll,'  aiiii'i'-i   of   '11"    li-n-iiv  ln-:iks  an;    aeiitelv  jx 

.  ,t  ,...Hli.-:.tl.-d  ill  -■.l.-:.r.-o.is  -..utlor.      Tlie  liv.-r  i» 

:\.„,,;„-l    .ii;.s..       A  |.,.,",li;.r   -l^ui.l,  whirli  s,-c-rot03 

.'.■.v  ,Uirk  thii.l  -i!i.-  -...-.-^lU.-ii  i.ik— ami  bus  the  foni 

>V  iiyrif.Tiii   s:..-  (t\w    !:/.--/:i-/),  wilji  a  loiiff  duct 

.',..  into,  or  »-l..s.-  lo.  Ill,,  nvliim.  is  lodj.'ed  somfti. 

'.      .v,T,  soni.-tiiii.'s  fiirlli.-i-  l.;i.-k  (Kiir-  I'^i,  I.)-     The 

^.-.vl  wlwii  (lie  aiiiiiol    is  uhirm.-d.  and  gives  rise  to  , 

"  ^■^  in  thr-  w;ii.-i-,  l>y  wlii.-li  its  r.-tr":it  is  <-.>verod. 

\.',w,.br!in>-lii:ill..-iiii-=. 

'     I'iii-  ej-e  is  l.i,I-^,-.l  ill  an  oiliit  and  is  provided  ivith  i 

.i  ami  envi-lipiiij  i!io  iitiiii'i]i;d  ^rantrlia,  Thirc  is  v 
'',  ,'.,ieriml  pallinl  sli,-ll.  It  runv  be  .-tiaiiihored  and  si 
'■'.,,  .il  hilt,  ill  this  i-ase  ill.'  last  rliamlier  is  squall,  and  I 
"■,_.rllmntl.e..Hu..-s. 

riie  lUhMiirki'ii'i  are  dividei]  into  the  Ocfftpnihi  ai 
*  ,,,,,)7'(.  'riie  O'-loj-^'hi  liave  eifrhl  arms,  and  poss. 
"i^Uliell.  Hi.t.  in  III,-  r-n.nle  of  one  iienns  (Jiv/o, 
V-p^'P'^''  ^"■>iilil"''r  l''i--  1j'*-  t'le  extremities  of  t! 

,  -in  tho  Jiat-Uiiioii  of  tliUqui-stioii  by  KcRrattiii,  in  BrJii;!'*  ■'  Tliici 
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terior  pair  of  arms  are  greatly  expanded,  and,  being  turned 
back  over  the  mantle,  secrete  an  elegant  ahelly  Etructure 
whicb  covers  the  bodv,  and  serves  for  the  attachment  of  the 


Argmavta  arm.—J-^aule 


poBltiua,  embnkcicg 


tbe  cxpiDded  irms  Id  their  utnni 


Fid.  iSO.—Argenauta  argo,  mile,  nlUi  tht  Bictocelyliu-aTJa  ittiebed. 

eggs.  In  this  gpnus,  and  in  some  other  Ootopods  {  Octopus 
carina,  Tremoctoput  violaceut,  and  T.  Quoyantw),  the  male 
is  very  much  smaller  than  the  female,  and  gives  rise  to  a 
Sectocotj/lus. 

In  Arffonauta  argo  (Figs,  132,  133),  it  is  the  third  arm  on 
the  left  aide  which  becomes  thus  modified.  At  first  it  has 
the  form  of  a  sac,  within  which  the  slender  terminal  part  of 
the  arm  is  coiled  up  (Fiy.  133,  B).  The  sao  splits  to  give 
exit  to  the  latter  (Fig.  132),  and  its  two  halves  reunite  on  the 
outer  face  of  the  base  of  the  arm  to  form  a  chamber,  whicb 
becomes  filled  with  spermatophorea  in  a  manner  not  yet  un- 
derstood.    During  sexual  union  the  arm  thus  charged  with 
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semen  is  detncbcd  and  left  in  the  manlk'  eavilv  of  ihe  frmalft 
(Fig.  133,  A).  When  first  discovered  it  was'  regarded  aa  a 
poraaite,  and  termed    Triehoeiphalua  acetabularia   by  Delia 


I  Fn 

I  a 

■  wa 


m.— .Ironuvfa  arff(>.~t),  iiMk.vrltb  tbcbfctncoijliied  aru  IndoMd  1b  ttiMC 
E.a,4.  iScotbcrtrmKufUxriirlitilda;  uul  I',  1,  4,  iliOMarilie  letttUb  A 
0  ktfctocotjhu  dclacbcd- 

Cliiajc,  while  the  earrospondiDg  body  found  in  an  OetOfUt 
was  calliKl  Ifectocotylua  octvpodi*  l>y  Cuvier. 

In  Trenioetopits,  it  is  tbc  third  arm  ou  the  ri^t  vdB 
which  becomes  the  Ilectocotylut.  In  other  Oeiopod*^^  erne 
or  other  arm  Is  peeuliarly  modified,  but  does  not  bcAUoe 
detached  or  serve  na  a  receptacle  for  the  spetmatophorRS. 

The  Deeapoda  have  ten  arms,  two  of  which  are  nauaHy 
much  lonp^r  than  the  rest,  and  can  be  protruded  from,  or  tw- 
tracted  into,  sockets.  The  acctabula  have  homy  rims,  mtidn 
may  take  on  the  form  of  hooks. 

nectocotyliiation  does  not  go  further  than  a  modificatioii 
of  the  form  of  one  of  the  arms.  There  is  always  tm  internal 
shell,  which  is  either  a  pert,  a  srpiottaire,  a  phragmoeone,  or 
R  combination  of  the  latter  with  a  pen. 


'  StcenBtnip,  "  Die  Iliwtooolj-lriibildiina  bti  Arjtnauta  i 
crklSrt  iturch  BwbachtnnECn  iliTillchar  Blldoogen  b«i  dao 
("  ArchiT  fUr  NatiirgtKiluGbM,"  ISSe.) 
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The  TeuthidcBy  or  Squids,  are  characterized  by  possessing 
a  pen.  This  is  a  lamellar,  chitinous  body,  strengthened  by 
one  or  more  longitudinal  ridges,  which  lies  in  a  sac  lodged 
in  the  anterior  wall  of  the  body,  by  the  lining  membrane  of 
which  it  is  secreted.  The  posterior  end  of  the  pen  is  com- 
monly broad,  and  its  sides  may  be  infolded  so  as  to  form  a 
conical  cup  (  Ommastrephes), 

In  the  SepiadcBy  or  Cuttle-fishes,  the  sepiostaire,  or  "  cuttle- 
bone,"  which  occupies  the  same  position  (Fig.  125,  «/i),  is 
composed  of  a  broad  plate  answering  to  the  pen,  and  likewise 
infolded  at  its  apex  so  as  to  give  rise  to  a  short  cone,  but  cal- 
cified. On  the  inner  face  of  this  plate  a  great  number  of  deli- 
cate calcified  laminae,  connected  by  numerous  short  columns, 
form  a  spongy  tissue,  which  is  full  of  air.* 

In  the  SpirulidoBy  represented  by  the  solitarjr  genus  Spi- 
rula^^  which  is  among  the  rarest  of  animals  m  museums, 
though  its  shells  are  found  piled  up  in  countless  millions  on 
the  beaches  of  the  islands  of  the  Pacific,  the  shell  is  spirally 
coiled  and  divided  by  septa,  perforated  by  a  siphuncle,  into 
chambers.  The  last  chamber  of  this  phragmocone,  however, 
is  no  larger  than  its  predecessor,  and  the  shell  is  held  in  posi- 
tion by  lateral  processes  of  the  mantle,  which  are  united  over 
it,  and  probably  represent  the  walls  of  the  sac  in  which  the 
shell  was  primitively  formed.  The  last  chamber  of  the  shell 
lies  in  front  of  the  axis  of  the  helix  ;  the  shell  is  therefore 
coiled  in  the  opposite  direction  to  that  of  NauHliM. 

In  certain  extinct  genera  (e.  g.,  Spirulirostra)^  a  shell  like 
that  of  Spirida  is  inclosed  in  a  dense  and  laminated  pointed 
sheath,  like  the  hinder  end  of  a  sepiostaire,  or  of  the  pen  of 
an  Ommastrephes. 

In  the  JBelemnitldce  (Fig.  134),  which  abounded  in  the 
Mesozoic  epoch,  but  have  been  extinct  since  that  timb,  a 
straight  phragmocone  is  inclosed  within  a  more  or  less  coni- 
cal, calcified,  laminated  structure,  the  guard  or  rostrum,^ 
which  is  continued  forward  into  a  variously-shaped,  usually 
lamellar,  pro-ostracum.  The  pro-ostracum  and  the  rostrum 
together  represent  the  pen  in  the  Teuthidm, 

The  rare  specimens  of  JBekmnUidce  in  which  the  fossil- 

^  The  planes  of  the  superimposed  parallel  laminse  form  an  acute  angle  with 
that  of  the  principal  plate  of  the  sepiostaire.  The  connecting  columns  are 
placed  perpendicuTariy  to  the  laminse  oetween  "which  they  are  interposed,  and 
may  bo  simple  or  branched.  When  the  young  Sepia  leaves  the  eggy  the  sepi- 
ostaire already  contains  air. 

»  Owen,  "  Zoology  of  the  Samarang,"  1848. 


T0B  ASATOMT  OF  INVEBTEBRJiTKD  ANIMALS. 


retained,  shot*  th&t  the  anns  wen 
mil  thai  there  was  a  large  ink-bftg.' 


("  Mcmoira  of  the  Gtti 
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The  genus  Acanthoteuthis  ^  (JBeUmnoteuthis^  Pearce) — 
one  of  the  BelemnitidoB^  in  which  the  guard  is  almost  rudi- 
mentary, while  the  pro-ostracum  is  large  and  penlike — oc- 
curs in  the  Trias,  and  is  the  earliest-known  Dibranchiate 
Cephalopod.  The  ordinary  JBelemnitidcB  abound  from  the 
Lias  to  the  end  of  the  Mesozoic  period,  after  which  they 
disappear.  The  Sepiadm  first  appear  in  the  latter  half  of 
the  Mesozoic  epoch ;  while  the  IhithidcB  are  represented  by 
genera  closely  allied  to  existing  forms  {TeuthopsiSy  J^eletn- 
nosepia)  as  early  as  the  Lias. 


»  Owen,  **  A  Description  of  Certain  Belemnitcs,"  etc.    ("  Phil.  Trans.," 
1844.) 


CU.vrTER   IX. 

The  Eoh:-.Ks.L'r»»»'t  Arv  c\/ai*ivoly  manDc  animals.     They 
aro  alwuv*  i»c\m  avvi  ^-..h  a  »xoh*ton,  composed  of  calcareous 
Bpicula,  \*;i.o->.  o\':'v'k»j'*\  utiiio  into  networks,  and  give  rise 
todefii*.i'<*  nW. •'..'..*'  iv.4:v*-i,      l'^i*so  generally  become  connect- 
ed with  o:*..*  -i  •  *.  '/v  ".^^  ;  ^::*.',s  v^r  i»u lures,  but  sometimes  re- 
main J. ^t ■'.•.,       V    ••.•:v   vT  *05s  spiioious  peritoneal   cavity 
separati*-*  I'u*  ^^  i'  >  ^'•.'  •.  *o  Ivviv  frvMu  ihoso  of  the   alimentary 
canal*      l'-*-o  ••.v'l ^v"^;^  tx^^-v.^  lu  ilio^^i*   Koliinodorms  in  which 
it  has  lvv:\   '.v.  v^.   xfc."^:".iv'.v*- iiv    iiuulo  out,  presents  a  rinp, 
which  s.irrv^."."'  :^  i'-v*  *;  /'x'".,  .i*;.i  irivos  off  rddiatiug*  longitudi- 
niil  conis,      A  v  ••..i  ki/.^  s\>:i':u  of  vo'^ols,  termed  ambida- 
cml^  whiv-ii  i'^  *  '-  '■  ■*.  *  '••1^  a-vurivl  tho  gtillet,  is  highly  char- 
actt^ristiv'  v^t  tr^.'  /■  ■'    ;  ••:'   •  ■;  r'  •.     Tho  most  conspicuous  and 
familiiirU  ^■l.^^^■l   K  •■•■.v.vvl^'r/.is    -:ho    Star-lishos   (Asteridca)^ 
HrittK^>M"^    y^  •»•''■•.■  :'   •\     S.M-iirohins     {Echhiidva)^    and 
Kcat!ior-:*:.i:^  V  ■   "      '    '    '^      '•^^^*  -*  iv.arkod  radial  symmetry  ; 
niinilar  p.u*:^,  u^iu'Iv  Ik^  iho  nvitulvr  of  live,  bein^  arran^d 
ground  u  cojiumI  ;i\is;  aiivl  iho  Kxiy  is  spheroidal,  discoidal, 
or  fltelhitc.     Thv*  Smoiu" umbers  and  Tropangs  (Holothttridea) 
urn  eloni::itovl    ii'.i.l  \v^r:uifor:n  ;    but   tho  radial  symmetry  is 
lit  ill  tracoaMo  iu  ilu*  arrau^omont  of  tho  oral  tentacula,  the 
worvous,  iiiivl  tho  ;imbulav.*nil  systems.     It  is  to  be  remarked, 
however,  that,  ii\  many  Kohinovlorms,  the  radial  symmetry, 
^vcn  in  tho  ailult,  is  m-^re  apjiaront  than  real;  inasmuch  as  a 
•^odian  plane  can  U*  found,  tho  parts  on  each  side  of  which 
%t\*  disposed  symmetrioally  in  notation  to  that  plane.     With 
L(ow  exceptions,  the  embryo  loaves  the  esrc:  as  a  bilaterally 
\-tttinetrical  larva,  provided  with  ciliated  bands,  and  othei^ 
^  ^  similar  to  a  worm-larva,  which  may  be  termed  an  Echi^ 
^fgnvdium.     The  conversion  of  the  Echinopa&dium  into  an 
^^Ajinoderm  is  effected  by  the  development  of  an  enterocoele. 
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and  ita  conversion  into  the  peritoneal  cavity  and  tbe  ambnla- 
oral  sjstem  of  vesaela  and  nerres ;  and  by  the  metamorphosis 


Vra.  us,— Dtwnu  axblblthig  tha  gvnenl  pUn  ot  tht  danlopniBnl  of  tlM  S 

dtrnu.  (After  Mn]ler.>—A,  common  form  wbnicetlieTemiininDHDioUiDrldCB, BO 
and  thr  plntdform  Ontaluild  or  Echlnid  (C,  C)  Iiitk  are  derlnd  ;  D,  D*.  lonoset 
■Dd  more  wlTiiiEed  Mart*  ot  lbs  Aaterld  (BMaaarta)  tama  :  a.  month ;  9.  (toni' 
"' ■■  -  ■ ■---  '.iiiM;  e,iiUUtBdtaBd;y,»ooiidor«nUrlorcill«tedcln!tat 


of  the  mesoderm  into  radially-disposed  aatimeres,  the  result 
of  which  is  the  more  or  less  complete  obliteration  of  the 
primitive  bilateral  symmetry  of  the  BiumaL 

1.  Thk  HoiOTHmiDKA. — The  study  of  the  structure  of 
the  Echinoderms  rrmj  best  be  commenced  with  the  members 
of  this  division,  which,  in  many  respects,  deviate  least  from 
such  worms  as  the  Qephyrea. 

In  the  SynapUs,  for  example  (Fig.  136),  the  body  is 
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fMw  Mi  «M  iW  awn  mt  Uie  othtt  The  ond  apertme  k  w^ 
ittsed  ia  tb«  e«tttie  of  a  drek  of  tfmtmtmla^  and  the  gnllBk 
Ie9d»  6\^a  ii  iv>  aa  aiimentaij  canal,  without  mariced  dutii» 
iMi  o£  MvNnach  aad  intestine^  wlueh  eztenda  thxoogh  Urn 
hodr«  ani  i»  ciMoaKtcd  hr  a  meacnteiy  with  the  parietesof 
th«  UtfiiNr.  The  wall  of  l&e  alimentaiT  canal'  preeenta  ezto^ 
aal  oinruUr*  and  interaal  kM^gitodinaf,  nrascouir  fibi«8|  and 
il3  caTitr  i»  Un«d  hr  a  cdhJar  cndodenn. 

Thi?  l»odT«w;alL  or  ptrisomOy  consiatB  of  an  external  fdfai- 
Ur  «x*todentu  conmafr  a  lajer  of  connective  tiaeiie  witfain 
which  are  circuLur  and  kngiludinal  nraicufatf  fibres.  The  ht- 
ter  are  di$po«eii  in  fire  hands,  attached  anteriorly  to  a  cone- 
spondio^  nunber  of  the  pieces  of  a  ealoareona  ring^  whiA 
surToumis  the  gullet  (F^r.  ISC,  B).  The  separate  oesicki 
which  compose  thb  ria^  are  nsnalhr  ten  or  twdre  in  numhcTi 
and  the  live  to  which  the  longitownal  nrasdcs  aro  attadied 
are  notchtxi  or  perforated  for  the  passage  of  the  ambulacrd 
nenres«  which  prvxved  fivwn  the  circum-cesophageal  nenre  to 
the  parietos  v^f  the  KhI\\ 

The  into^ument  c^Mitains  numerous  perforated,  fist,  calca- 
reous pUtos^  to  which  |u\^truding  anchor-like  hooks  of  the 
same  suhstance  are  attached  (Fig.  136,  F).  According  to 
Semper^  the^^  anch\>i^like  bodies  are  dereloped  in  specisl 
sacs  with  au  epithelial  lining.' 

A  »{v»cisHi5  (H^ritouoal  cavitr  lies  between  the  parietes  of 
the  Kxlv  aiKi  the  alinieutarv  canal,  and  the  cells  which  line  it 
are  niv^rt^  \vr  Iccits  extensiveir  ciliated.  Pedunculated  ciliated 
cup*  srv  attache\i  to  the  mesentery. 

I^e  cirvHilar  vesMsel  of  the  ambuUcral  system  surrounds  the 
gullet  Ivlow  the  calcareous  ring  (Fig.  136,  £,  A).  ^  Posterior^ 
ly%  it  give;!t  i^  various  ciecal  prolougations,  which  depend 
freelr  iuto  the  peritoneal  cavitr.  Some  of  these — the  JPMm 
ve^ficie^t — are  mere  c«eca  :  but,  in  addition,  there  are  one  or 
more  tubular  pr\>longations«  the  perforated  extremities  of 
which  are  invested  hr  a  calcareous  network,  and  are  tenned 
the  madreporie  canah.  Through  the  openings  in  the  free 
end  of  the  madreporie  canal,  the  interior  of  the  ambolaeral 
system  communicates  with  the  peritoneal  cavity.  Anterior- 
ly, the  circular  vessel  gives  off  branches  to  the  t^itaoula* 
These  pass  between  the  calcareous  ring  on  the  outtt  aidei 

>  Sm,  on  this  and  all  points  relatinff  to  the  sUmoture  of  th«  HoiaikmHim^ 
the  beautiftd  monogxmph  br  Semper,  '^ Beisen im  AroUml dir PhUfappiMB* 
(«•  WlMMiaehaftlioha  SM^it^"  BdL  L :  IMotf^^  "^^^ 
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and  the  anterior  end  of  the  alimentary  canal  and  the  nerve- 
ring  on  the  inner  side.  As  each  enters  its  tentacle,  it  dilates 
and  sends  down  a  short  csecal  prolongation  on  the  outer  side 
of  the  calcareous  ring.  The  ambulacral  vessels  are  filled  with 
a  fluid  containing  numerous  nucleated  cells. 

Contractile  vessels,  which  accompany  the  intestine,  and 
lie  on  opposite  sides  of  it,  filled  with  a  similar  corpusculated 
fluid,  seem,  notwithstanding  the  diffierence  in  their  contents, 
to  represent  the  pseud-h»mal  vessels  of  the  Annelids.  These 
vessels  do  not  extend  into  the  parietes  of  the  body. 

The  nervous  system  consists  of  a  ring  which  Jies  superfi- 
cial to  the  circular  water-vessel,  and  from  which  five  principal 
equidistant  cords  proceed.  These  pass  through  the  apertures 
or  notches  in  the  circum-oesophageal  plates  already  mentioned, 
and  each  proceeds  along  the  middle  line  of  one  of  the  longi- 
tudinal muscular  bands,  to  the  opposite  extremity  of  the 
body. 

The  ambulacral  nerves  appear  to  be  hollow ;  or  perhaps  it 
would  be  more  correct  to  regard  them  as  thickenings  in  the 
wall  of  a  neural  canal,  as  they  are  in  the  Asteridea.^ 

The  genital  gland  is  single,  and  opens  near  the  oral  end 
of  the  body,  in  the  line  of  the  attachment  of  the  mesentery. 
The  branched  caecal  tubuli  of  which  it  is  composed  contain 
both  ova  and  spermatozoa,  so  that  the  Synaptm  are  her- 
maphrodite. In  the  majority  of  the  ffolothurideay  however, 
the  sexes  are  distinct. 

In  other  ffolothuridea^  the  skeleton  may  attain  a  much 
greater  development,  and  even  take  the  form  of  conspicuous 
overlapping  plates  (Psolua).  Moreover,  the  circular  vessel 
of  the  ambulacral  system  not  only  gives  origin  to  Polian  vesi- 
cles, madreporic  canals,  and  tentacular  vessels,  but  ^ve  canals 
proceed  from  it,  pass  through  holes  or  notches  in  those  cir- 
cum-oesophageal plates  to  which  the  longitudinal  muscles  are 
attached,  together  with  the  nerves,  and  run  backward,  along 
the  centre  of  the  area  occupied  by  these  muscles,  on  the  deep 
or  inner  side  of  the  longitudinal  nerve.  These  are  the  radial 
ambtUacrcU  vessels.  In  the  higher  Sblothuridea^  each  radial 
ambulacral  vessel  gives  off  many  lateral  branches;  these  enter 
contractile  processes  of  the  body-wall,  which  subserve  loco- 

«  Aooordinff  to  Greef  ("  Ueber  den  Ban  dcr  Echinodermen,"  8te  Mittheilmig, 
SitzungBberiohte  der  Gesellschaft  zu  Marburnf,  1872),  another  oanal  lies  snpeiv 
floial  to  the  ambulacral  nerve  in  the  Holoihuridta^  and  represents  the  ambu- 
lacral ^oove  of  the  stai^lishes.  Teuscher,  **  BeitrAge  zur  Anatomie  der  Eohi- 
nodermen^*  (JenaUchs  Zeitschrift^  1876),  however,  mAJntAina  that  this  aupei^ 
oial  oanal  is  an  artificial  product 
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niotioi),  and  are  the  ambuiacralfeet,  suekerm^  arjfedieds,  1a 
avvonlaiKv  with  the  disposition  of  the  ambulacrml  ressek,  tiie 
IkhIivoIs  are  usually  disiH>sed  in  five  longitudinal  baiidfly  wliidi 
ai\'  the  ambuiiicrtf.  S.Mnetime8  (jF^olus)  the  pedicels  are  sop- 
pivsiM^l  in  two  of  the  tive  ambulacra,  and  the  other  three  aie 
di*i|Htsod  upon  a  tlattened  surface  upon  wluch  the  animal 

lu  the  higher  Holothurids,  the  intestine  terminates  in  a 
diMtiuot  oloaoa,  into  whioh  two  hollow  ramified  organs,  which 
lie  in  the  perivi.Hcend  eavity,  open.  The  ramifications  of  one 
of  those  are  nM*eived  between  the  meshes  of  a  special  plexus 
of  the  pseud-lueiual  venselM.  Water  is  taken  into,  and  ex* 
iH^lled  out  of,  the  eloiien  and  these  appendages,  which,  doubt- 
less, Rul)H(TYe  nu  exeretorv  function,  and  are  commonlv  called 
respiratory  ttrvf.  It  seeiuM  probable  that  tbe  oltimate 
bniiielieM  of  (hene  ot-piiiM  open  directly  into  the  peririscerd 

cavity.' 

The  ('»r«/,  r/,r»  .»*'•,»•»' nre  simple  or  branched  appendages 
of  thi*  rl»»n«»:»,  \\u^  rMn«>tion  of  which  is  unknown.  The  inte- 
rior oi  tlioHi*  tMivoi't  »H  »Mv\»pieil  by  a  solid  substance,  some- 
tiinr.H  t»f  u  MMMd  natine.  lu  Hoino  Ilolothxirideay  the  anal 
apertun*  i.**  pro\  ulr\l  witli  ti  rirolet  of  calcareous  plates. 

In  niiinv  of  the  hi^hor  llolotinirids  the  pseud-haemal  Tas- 
eular  s\>toiu  nt tains  a  y^w^wX  eont])lexity,  and  its  branches 
not  onlv  extonil  o\rr  tlio  alimentary  cannl,  but,  as  has  been 
said  ahovr,  elosrly  einl»nu'o  iMie  of  the  branched  excretory 
organs. 

The  most  aberrant  form  of  this  ^roup  at  present  known  is 
the  prenns  lihoptthnftud.  Aooonliii^  to  Semper,  the  body  is 
flask-shnped,  ami  at  the  narnuv  end  of  the  flask  are  two  aper- 
tures. One  of  these -tlie  mouth — is  surrounded  by  ten  ten- 
tacula ;  the  otlu^r,  which  is  the  anal  aperture,  is  encircled  by 
ten  papilla\  and  by  as  manv  ealoareous  plates.  A  spacious 
eloacal  cavity,  i^nn'ided  with  excretory  organs,  traverses  the 
neck  of  the  llask,  and  opens  by  the  anal  aperture.  The  pul- 
let is  surroinided  by  a  ring  of  ten  calcareous  plates.  The 
genital  duct  is  situated  between  the  cloaca  and  the  gullet. 
Ten  ambulacra  diverge  from  the  centre  of  the  enlarged  aboral 
end  of  the  body,  and  extend,  like  so  many  meridians,  to  near 
the  commencement  of  the  neck  of  the  flask.  In  correspond- 
ence with  each  ambulacrum  is  a  longitudinal  muscular  band  ; 
and  it  is  an  especial  peculiarity  of  Rhopalodina  that  five  of 

»  Semper,  loc,  cit,.  Heft  iv.,  p.  183. 
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A,  larv*  wllh  Ihc  bltnlenl  eMIatril  bi 
Tmlral  Hew.    a,  moalh  ind  call";  .. 
or  lu  srlero(.-<i1e  (HDus'-'hapad  bodli 


(AJtrr  Bonr,)  _ 

,  >nd  whenl-BhapiiiI  eBl(ar«ani  ptatMt-l 

■tomBoli:  e,  iiile«llii * ■*  -*" 

•■1  M  the  •ide»  of  t .  „  „. 

B,  nirtber  advanced  CDndlllon  Of  ID 


.,—  ilieni  TTiKnlkr  ■jBtflm.    B,  nirtber  advanced  CDndillon  or  lb« 

hrra  tn  Whlcb  lbs  nml  iperlnn  I*  ohsolera  tthe  ao-cCllHl  " jmpi-iUsa  ").  IDd  the 
cUll  ara  amnnd  In  cnnsa.  >,  trDUcula;  t,  Pallu  TCf Icle ;  /,  the  longlludlli*] 
KiDaelainrUitlindr-will.  C.  a  Tonng  5|ifutiiM.  in  whlcb  Ihecniated  loawban' 
AluppHinid :  wllh  lu  flre  lentadv*  and  itu>  wheel-thaped  calcareous  borilci  at 
tt*  hinder  end.  m.  t)ii>  mndronnilc  canal  which  miw  Dpem  Intu  Ibocailtrnt  tlU' 
body.  D.  a  TonnR  Bvtiopio  inhamni  with  nnchor-nhapi'd  calcanion*  aplcala.  irs- 
Mpl  il  the  hinder  cod  of  Ihc  bodf,  where  (be;  ure  small  and  poljennal.    R,  loan 
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Kltiiillnnl  section  of  the  anterior  end  of  the  body  oTaa  adaH 
lnTlMoiiia  with  tho  limyrlindlnml  masciefl  and  ndial  nerre-traBkc :  b.  cala 
iilnti'^  wlii<-li  Murnmnd  ihiefcal^^i  '•  tentacalar  camiln  :  df.  oeaophafve :  t.  r 
liiK  iiiiiMi'li'K  or  the  pharynx  ;  g^  dlrlded  end*  of  tbe  circuai-ofml  nerre:  A.  d 
Aiiiliulnrral  vennel  with  Polian  rwiclc ;  i,  cavity  of  a  toagitadi— »ly  divided  ! 
rli*.  into  which  a  teiitncular  canal  opens;  t,  cencratiTe  oeca  :  L  aifuprtfn 
tho  liiimal  btood-Tensel:  m,  "  aoditory  Te^lcle^'  on  tiM  ladlal  mem  z  u.  knu 
II n I  iiiii>*rl<*«;  o,  tKiitacular  pedicels;  p,  oral  diak.  F,  calcaiaoaa  plaiie  and  a 
of  .s>Aii;i/<j  itUitrrens. 


(hcMi*  aio  aitacliod  to  the  anal  circlet,  and  five  to  tbe  cin 
*(rHii|)liu;r(«al  rirclct.     Until,  however,  it  has  been  shown 
ll  tho  cinMiliir  tiinbnlacral  vessel  incloses  the  cloaca  as  wel 

Mir  (ivsdplmirim — which  is  highly  improbable — it  is  justifi; 
(ll  nssunio  tliat  tlio  anus  of  llhopalodina  is  really,  as  in 
i^rhnn'iit'tt^  iutorradial  in  position. 

Tin*  ih'VfhjpnuMit  of  the   Ilolothuridea  is  extremelr 
Htnu'tivt*.      Vi»lk-divi8i(>n  gives   rise  to  a  vesicular  mor 
whii'h  undorgooa  invagination,  and  becomes  converted  i 
nil  oval  oiliattMl  gastrula.     The  opening  of  invag'ination 
oiMii  VM  th(*  anuM,  while  a  mouth  and  gullet  are  produced  h\ 
invav,in:itiiui  of  tho  (»(»t(>(l(»rm,  near  the  anterior  end  of 
l)ii(iy,  wliit'ii  iinitos  with  and  opens  into  the  blind  end  of 
(Mul'Mlrniial  Mai%  or  arohcntcron.     The  completed  aliment 
oinal  is  thiiH  roiiipostMl  of  a  gullet,  a  rounded  stomach,  and 
iiiti*-4tiiu* ;  and  tho  oilia  (^f  the  ectoderm  usually  become 
HlriotiMl  to  a  singlo  hainl,  hont  upon  itself,  though  its  gene 
dirtM'tioii  JM  traiisvorso  to  tho  axis  of  the  body  (Fig.  135, 
I  I  I'ig.  IIJ<>,  A).     At  a  subsoquont  period,  this  single  band  n 

Im»  v.»j>l:n'ril  by  a  Hi'rios  of  hoops  of  cilia  (Fig.  136,  B).  ^ 
oonliii  r  to  Kowah»wsky,'  the  embryo  of  JPent(Kta  doliol 
do(*s  not  bnoom '  oiliattMl  at  all,  and  that  of  JR?o/mt4«  pas 
iVoin  tho  oondition  in  whioh  tho  cilia  are  dispersed  over  i 
Murl'aot*  diriM'tly  into  ono  in  which  it  is  provided  with  f 
/niioM  tif  oilia,  botwoon  two  of  which  the  mouth  opens. 
\  tlii.M  oonJitiou  it  singularly  rosomblos  the  embryo  of    Con 

]|  tufit.     Ami,  iiulo'Ml,  in  tho  further  advanced  condition  of  i 

/•-*(i///i*/.*,  tilt*  oral  ond  o(  the  body,  surrounded  by  triangu 
oaloaroouM  platos,  within  which  the  tentacles  take  their  ori^ 
has  a  striking  rosoniblanoo  to  the  oral  end  of  the  young  P 
taorinoid  larva  of  (\)mtftu/a, 

TIk*  poritonoal  cavity  and  tho  ambulacral  vessels  take  th 
origin,*  iu  a  vtTy  nMiiarkablc  manner,  from  the  archenter( 

•  •*  Mi'ta.  »lo  rAofttl.  do  St.-Ptftorsibonrff,"  ISfiR. 

•  iSV.'  Mot<tohi)lkot1\  *'Stuilion  flbor  die  Kntwickelunff  der  Echinodermen  i 
KoniortiinMr*  ('*  Mi^?n.  do  TAcad.  do  St.-P«5tersbourfif/*  xiv.,  1869) ;  and  e? 
(uallv  tho  vorv  aHti.ifAotorv  memoir  of  Salenka,  *^  Zur  EntwiokeloDj?  der  H< 
thurien**  {XfiUcAri/i/Arwi8$,  ZoologU,  1876). 
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before  the  CBsophageal  invagiDation  reaches  it.  The  anterior 
part  of  the  archenteroa  gives  off  a  csecal  process  which,  be- 
coming a  sac,  is  constricted  off  from  the  archenteroa  as  what 
Salenka  terms  a  vaso-peritoneal  vesicle.  This  vesicle  changes 
its  position  to  the  left  aide  of  the  alimentary  canal,  and  then 
sends  a  narrow,  duet -like  diverticulum  toward  the  dorsal  re* 
gion  of  the  ectoderm,  which  eventually  coalesces  with  the 
Utter,  the  cavity  of  tlie  diverticulum  opening  on  the  exterior 
by  a  rounded  poro.  The  vaso-peritoneal  vesicle  now  divides 
into  two  portions,  one  of  which — the  ambidacral  sac — remains 
connected  with  the  exterior  by  the  duct,  and  constitutes  the 
foundation  of  the  whole  of  the  ambulacral  system  of  vessels  ; 
while  the  other — the  peritoneal  sac — gives  rise  to  the  peri- 
toneum. The  former  becomes  five-lobed,  grows  round  the 
gullet,  and  gives  rise  to  the  tentacular  and  ambulacral  canals 
with  the  Polian  vesicle,  or  vesicles ;  while  the  duct,  de- 
taching itself  from  the  dorsal  wall,  becomes  the  madreporic 
canal. 

The  latter  divides  into  two  vesicles,  which  arrange  them- 
selves at  the  sides  of  the  stomach.  The  stomach  takes  on 
a  more  cylindrical  shape,  and  these  vesicles  become  the  "sau- 
sage-shaped bodies"  (wurstfOrtnige  Korper)  observed  by  Mul- 
ler  {Fig.  136,  A).  They  gradually  increase  in  size,  and,  grow- 
ing round  the  alimentary  canal,  unite  above  and  below  it. 
Thus  a  cylindrical  cavity  with  a  double  wall  is  formed  be- 
tween the  endoderm  and  the  ectoderm.    The  inner  wall  of  the 


Fib.  m.—Ttarelopmeiit  or  i  Holothnrld.    (ARsr  ]I(msr.)-.A.  Kxf\j  en 

)tm{,AiiTiailaria)\  g,  tbc  donwl  poni  of  h,  Iha  ■mbnlunl  we.  b.  ••»>  ci-k'- 
e",  latadlne;  g,  donalDon:  f.f,  clrcnlar  anbolacnl  Tsatet  wltb  Iti  pralooga- 
tlnn«  ;  I,  calcannni  body.  C,  jonni;  BobMivria  wlUi  ciTCoUi  dlUWd  baiMU :  g, 
nudreporle  uiul ;  f.  Polian  TBiide. 

cavity  applies  itself  to  the  alimentarv  canal,  and,  aided  by 
the  mesoblastic  cells  which  appear  to  be  developed  from  the 


itorikit 


ctOi 
the  two  is  Oi 


AifcrtMdoet 

pccnliftr  ar> 

No 

of  the  de- 


t.  Ths  A5rrg:TS-u — A  Scurvisa  »  ccnpszmble  to  a  Holo- 
tae  m Vulacr:»  -^:  w^i.-a  ir^  mn.-tied  to  its  onl  htU^ 
•i  -Ttiz  91?  x»  TJ*  .UT»  A  T^rr  saoct  kcb  :  wUIe  its  eqos- 
<2ajirrc>rr  !:>  irvjrlj  iacrf^sei  aai  produced  in  direo- 
cefrrspi:n»ii::^  witii  eaiA  aaibaL-hTttfnL   "Hie  result  would 
^  s  ^aiL.  havi-^jT  r^e  ^rm  cf  %  wnt&foo.  or  of  a  fiTe-rmjed 
sisa  ambctlacn  ccIt  co  tbac  fsk.-^  of  the  disk  whidi 
xhte  mootii.     Heao?  tb<?  ^/w^HL9cr^.9L  sad  the  o|^>06itey 
^■liMW  Macrai.  fifcces  are  ct  equal  extern. 

are  like  fire-rajed  sttLrs^  hot  some  sie 

i  G*jniaster\  miti  some  fev  (^oltiiCfr)  hsTe 

than  five  rajs^     la  SHsin^j^  the  rajs  are  much  more 

It  from  the  disk  than  usoal^  and  the  genus  thence 

an  outward  resemblance  to  an  Ophinrid. 

*jdl  the  AsUrid^a  are  proTided  with  a  skeletoo  made  np 

lliitrn  or  thick  rods,  composed  of  a  dense  calcaieoas  net- 

1^  A  deep  grooTe,  radiating  from  the  month  to  the  end 

to  rsT,  marks  the  position  of  each  ambulacmm,  and  the 

^of  this  groove  are  supported  bj  two  series  of  ambur 

I  amdeSf  which  meet  and  articulate  together  in  the 

>  line  or  roof  of  the  gioore.    The  ambulacra!  ner?e  and 
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canal  lie  superficial  to  these  ossicles.  There  are  no  oral  ten- 
tacula. 

The  five-rayed  body  of  the  commonest  of  British  Star- 
fishes,* the  Five-finger  ( Uraater^  or  Aateracanthion^  rubensY 
presents  an  oral  face^  in  the  centre  of  which  the  mouth  is 
placed,  and  an  opposite  or  aboral  face.  The  hardly-discern- 
ible anal  aperture  is  situated  not  exactly  in  the  centre  of  this 
face,  but  close  to  it.  The  mouth,  which  varies  yery  much  in 
size,  lies  in  the  middle  of  a  soft  membranous  oral  disk.  A 
deep  furrow,  the  ambulacral  groove,  occupies  the  middle  of 
the  oral  surface  of  each  ray,  and  is  nearly  filled  by  contractile 
sucker-like  pedicels,  with  circular  discoidal  ends,  apparently 
arranged  in  four  longitudinal  series.  The  deepest  part  of  the 
groove  is  at  its  central  end,  where  its  lining  passes  into  the 
oral  membrane.  The  shallowest  part  is  at  its  distal  end,  where 
it  terminates  against  a  median  projection,  the  peduncle  of 
the  eye,  on  the  aboral  side  of  which  is  the  single  median 
ocular  tentacle.  Lines  drawn  from  the  mouth  along  each 
ambulacrum  arc  termed  radiij  and  the  regions  occupied  by 
the  ambulacra  are  said  to  be  radial.  The  parts  of  the  body 
situated  between  the  ambulacra  are  interradial.  The  lateral 
walls  of  the  ambulacral  grooves  of  adjacent  ambulacra  unite 
at  the  circumference  of  the  oral  disk,  and  give  rise  to  five 
interradial  angles.  On  one  side  of  the  aboral  face  of  the 
centre  of  the  body,  between  the  origins  of  two  of  the  rays, 
and  therefore  interradial  in  position,  is  an  oval  or  somewhat 
pentagonal,  slightly  convex,  porous  plate,  the  surface  of 
which  is  covered  vrith  narrow,  meandering  grooves.  This  is 
the  madreporic  tubercle,  or  madreporite. 

The  perisoma,  or  wall  of  the  body,  upon  the  aboral  face, 
and  upon  the  sides  of  the  rays,  is  everywhere  covered  with 
short  spines.  In  the  intervals  between  these,  groups  of  deli- 
cate membranous  tubuli,  which  are  closed  at  their  free  ends, 
project.  Small  two-pronged,  pincer-like  bodies,  the  pedicel- 
laricBy  are  attached  to  the  spines  and  to  the  perisoma  between 
them,  and  during  life  are  seen  to  twist  about  and  snap. 

The  perisoma  presents,  externally,  a  cellular  ectoderm, 
provided  with  a  thin  cuticle,  which  bears  numerous  cilia.  Be- 
neath this  lies  a  mesoderm,  containing  connective  and  mus- 
cular elements,  in  which  the  calcareous  structures  which  con- 
stitute the  skeleton  are  lodged.  On  the  inner  side  of  the 
perisoma,  a  ciliated  epithelium  lines  the  perivisceral  cavity. 

>  Compare  Iloffmann,  **  Zur  Anatomic  dor  Aateriden."    ("  Niederl&ndiflches 
Archiv,"  Bd.  U.,  1874.) 
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The  separate  elements  of  which  the  skeleton  is  compoied 
may  be  ilivided  into  three  groups:  the  assicula^  which,  joined  ' 
en<l  to  end  and  united  by  connective  and  muscular  tissues, 
constitute  the  chief  framework  of  the   body  ;  the  spina, x\- 
tachcHl  to  the  ossicula  by  ligamentous  fibres  at  one  end,  ud 
froo  at  the  other;  and  the  calcareous  structures  contained  is 
the  y ".''/''•*: //{iri<F.     On  the  antambulacral  wall  of  the  bodj, 
the  ossiv*ula  are   elongated  rods    of  verjr   unequal  lengths, 
united  in  sucli  a  manner  as  to  leave  polygonal,  roundeid,Qr 
elonirated  meshes.     The  sides  and   roof  of  each  ambulacnl 
groove,  however,  are  bounded  by  two  series  of  regularlv-<iis" 
P'^sed  and  similar  ambulacrcU  ossicles^  which  lean  against  one 
another  in  the  middle  line  above,  diverge  so  as  to  inclose  the 
ambulacra  I  groove,  and,  at  their  outer  ends,  abut  upon  thick, 
short  adfunbulacral  ossicles,  wliich  lie  at   the  sides  of  the 
groove  (Fig.  130,  D). 

H.'tweon  every  two  ambulacra!  ossicles  in  the  same  half  of 
thi*  ainhuliiorum  there  is  a  canal,  formed  by  the  junction  of 
notches  in  the  oral  and  distal  faces  of  tiie  two  ossicles.  Con- 
scfiuenily  there  is  a  half- pore  on  the  oral,  and  another  hali- 
poro  on  the  distal,  face  of  each  ossicle.  The  iialf-pore  on  the 
oral  faco  is  always  internal  in  position  to  the  half-pore  on  the 
distal  faco,  and,  as  the  part  of  the  ambulacral  ossicle  which  lies 
bi*tW(»on  tho  two  is  thin,  the  row  of  pores,  though  it  is  really 
single  and  bent  in  a  sharp  zigzag,  appears  at  first  sight  to  be 
doubh*.  Tho  diiots,  which  connect  the  ambulacral  vesicles 
with  the  p^Mlicels,  traverse  these  pores;  and  the  comparatively 
lariT,*  and  very  ilexiblc  and  extensile  pedicels  are  thus  so 
closely  packed  together,  that  they  appear  to  form  a  double 
row  on  each  side  of  the  middle  of  the  ambulacrum. 

At  the  circumference  of  the  oral  disk,  the  ossicles  of  the 
ambulacra,  diminished  in  size,  and  closely  united  togctlier, 
form  a  pentagon,  the  angles  of  which  answer  to  the  ends  of 
tho  aml)ulacral  grooves,  roimd  the  oesophagus.  The  con- 
joined outer  en(is  of  the  pair  of  ambulacral  ossicles  nearest 
the  mouth  project  on  the  oral  face,  outside  the  buccal  mem- 
brane, as  five  vertical  crests,  armed  with  strong  spines,  which 
«ro  besot  with  pedicellariie.  In  correspondence  with  these, 
tivr  falciform  folds  of  the  perisoma,  more  or  less  calcified,  pro- 
i«'ct  into  the  cavity  of  the  body.  They  are  interradial  in 
jMisition,  and  extend  up  to  the  aboral  wall.  Their  inner 
»*.lges  are  free,  and  look  toward  the  stom.ich ;  with  one  of 
Uiom,  the  madreporic  canal  and  the  sinus  which  accompanies 
K\  !»ro  closely  connected. 


THE  ASTERIDEA.  477 

The  spines  are  more  or  less  movably  united  with  the 
ossicula,  but  there  are  no  such  regular  joints  as  are  met  with 
in  the  lUchinidea,  The  pedicellarim  are  supported  upon 
short,  flexible  peduncles.  The  skeleton  of  each  consists  of 
two  blades  articulated  with  a  basal  piece.  From  the  centre 
of  this,  very  strong  adductor  muscles  proceed  to  the  inner 
faces  of  the  blades,  and  weaker  tibres,  attached  to  the  exterior 
and  to  the  outer  faces  of  the  bases  of  the  blades,  act  as 
divaricators. 

The  gullet  opens  into  a  wide  stomach  produced  into  five 
large  cardiac  sacSy  the  walls  of  which  are  subdivided  into 
many  sacculi.  Each  cardiac  sac  is  radial  in  position,  and  may 
extend  a  short  way  into  the  cavity  of  the  arm,  to  which  it 
corresponds.  On  the  aboral  side  of  these  sacs  the  alimentary 
canal  suddenly  narrows,  and  then  dilates  again  into  a  shallow, 
but  wide,  pentagonal  pyloric  sac^  the  angles  of  which  are 
produced  into  five  tubes.  Each  of  these  passes  along  the 
middle  of  the  aboral  face  of  a  ray,  and  divides  into  two 
branches,  which  run  parallel  with  one  another  through  half 
or  two-thirds  the  length  of  the  ray,  and  end  blindly.  The 
branches  give  off  numerous  caecal  dilatations,  arranged  in 
pairs  on  opposite  sides,  and  these  hang  down  into  the  cavity 
of  the  ray.  The  edges  of  the  pentagonal  pyloric  sac,  and  the 
aboral  faces  of  its  sacculated  branches,  are  connected  by 
mesenteric  folds  with  the  aboral  perisoma.  The  oral  faces  of 
the  cardiac  sacs  are  similarly  connected  by  pairs  of  mesenteric 
folds  with  the  sides  of  the  corresponding  series  of  ambulacra! 
ossicle?.  The  aboral  face  of  the  pyloric  sac  presents  an  aper- 
ture closed  by  projecting  valvular  folds,  which  leads  into  the 
short  tubular  intestine.  The  latter  terminates  in  a  minute 
anal  pore,  situated  nearly  in  the  centre  of  the  aboral  face  of 
the  body.  The  intestine  receives  the  duct  of  a  caecum  divided 
into  two  main  branches,  each  of  which  has  many  minor  sub- 
divisions. If  the  animal,  having  its  mouth  downward,  is  di- 
vided into  two  halves,  by  a  vertical  plane  passing  through  the 
mouth,  the  central  point  of  the  aboral  face,  the  madreporio 
tubercle,  and  the  middle  line  of  the  ray  opposite  to  the  tu- 
bercle ;  and  if  this  ray  is  anterior,  then  the  anus  opens  into 
the  left  posterior  interradial  space,  and  the  caeca  lie  partly  in 
this  and  partly  in  the  left  anterior  interradial  space. 

The  nervous  '  and  vascular  systems  of  the  Star-fish  are  so 

»  See  Wilson,  "  The  Nervous  System  of  the  Astcrida''  ('*  Transactions  of 
the  Linnaean  Society,"  1862),  and  the  later  contrihutions  of  Prof.  Teuscher,  cited 
below. 
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radial  canal,  short  branches  are  given  off,  which  pass  between 
the  ambulacral  ossicles,  and  each  opens  into  the  neck  of  a 
relatively  large  sac,  with  muscular  walls  (ambulacral  vesicle), 
which  lies  on  the  aboral  face  of  the  ambulacral  ossicles  in 
the  interior  of  the  ray.  The  neck  of  the  ambulacral  vesicle 
passes  in  the  opposite  direction  into  one  of  the  pedicels. 
Thus  the  ambulacral  vessel  communicates  with  the  cavities  of 
all  the  pedicels  on  the  one  hand,  and  with  the  cavity  of  the 
circumoral  ambulacral  vessel  on  the  other.  Five  pairs  of 
small  eminences,  consisting  of  casca,  which  open  into  the  cir- 
cumoral vessel,  are  seated  upon  it ;  and  from  one  part  of  it, 
opposite  one  of  the  interradial  falciform  folds  already  men- 
tioned, springs  a  canal,  which,  taking  a  sinuous  course,  passes 
to  the  aboral  face,  and  terminates  beneath  the  madreporio 
tubercle ;  this  is  the  madreporic  canal.  It  is  not  a  simple 
tube,  but,  as  Sharpey  first  observed,  its  walls  are  doubly  in- 
voluted so  as  partially  to  obstruct  its  cavity,  and  it  is  strength- 
ened by  annular  calcifications.  The  pores  of  the  madreporio 
tubercle  place  the  cavity  of  the  madreporic  canal  in  commu- 
nication with  the  exterior,  whence  it  follows  that  the  cavities 
of  the  whole  ambulacral  system  must  be  directlv  accessible  to 
the  sea-water  in  which  tne  Star>fish  lives.  The  madreporio 
canal  is  invested  by  the  lining  membrane  of  the  peritoneal 
cavity.  This  incloses  a  sinus,  which  accompanies  the  madre- 
poric canal,  and  into  the  interior  of  which  a  fold  projects. 

There  is  no  great  difficulty  in  ascertaining  the  existence  of 
the  structures  which  have  now  been  described,  and  all  anato- 
mists are  agreed  as  to  the  nature  of  the  ambulacral  system.  But 
whether  the  neural  canals  are  to  be  considered  as  a  special 
system  of  blood-vessels,  and  the  sinus  which  accompanies  the 
madreporic  canal,  a  heart,  as  is  usually  assumed,  appears  to 
me  to  be  very  doubtful.*  I  am  disposed  to  think,  in  fact, 
that  not  only  these  canals,  but  the  circular,  or  rather  pentag- 
onal, vessel  which  has  been  described  as  situated  on  the  abo- 

'  Since  Tiedemann^s  time,  the  presence  or  absence  of  a  blood-vascnlor  sys* 
tem  in  the  Star-ftahea  has  been  alternately  asserted  and  denied.  The  recent 
investigations  of  Greef,  ^*  Ueber  den  Bau  der  Echinodermen "   ("Marburg 

'Teuscher,  "BcitrSgozur 
ftj  Bd.  X.),  are  in  favor 
extensively  ramified  system  of 
canals,  connected  with  it  and  with  the  neural  canals.  But  it  does  not  appear 
to  me  that  the  facts,  as  they  are  now  known,  justify  the  assumption  that  tnese 
canals  constitute  a  distinct  system  of  blood-vessels.  Injections  show  that  all 
these  canals  communicate  with  the  ambulacral  vessels,  and  with  the  exterior, 
by  means  of  canals  in  the  madreporio  tubercle  which  open  partly  outward, 
partly  into  the  madreporic  canal,  and  partly  into  the  sinus  which  accompli 
nies  It,  and  communicates  with  the  circumoral  neural  vessel. 
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has  pointed  out  that,  in  Britinga  endecacnemoe,  the  genitalia 
are  numerous  distinct  glands,  arranged  in  two  series,  one  on 
each  side  of  the  middle  line  of  the  central  half  of  each  ray. 
Each  of  these  ovaries  or  testes  has  a  separate  aperture. 

In  some  Star-fishes,  as  in  some  Holothurids,  the  embryo 
passes  into  the  Star-fish  form  without  any  free  larval  stage. 
But,  more  usually,  an  E^^hinoptedium  is  formed  in  the  same 
way  as  in  the  Holothurians,  though  it  presents  differences 
in  the  arrangement  of  its  ciliated  bands,  and  especially  in 
their  prolongation  into  numerous  lobes  or  narrow  processes, 
as  in  the  remarkable  form  originally  named  Bipinnaria, 
(Fig.  135,  D  D',  and  Fig.  138).  It  has  no  calcareous  skel- 
eton. 


Fis.  ISS— A  joimir  AiUrid\im  IBMnnaria.  aflcr  MDIIcr).— A.  Tentnl,  B.  iRlenI, 
Tlmn  of  lim  (filjriiuuria).   C.  Btptanaria  with  nillnient  ol  Ihe  Htir-flah :  0, 

■fdeor'theMtlrloreDJof  thebodj':  <{. rf'.  cllUtHt  liandx  ;'a,'cbcc«1  dtVcrllciilnm 
fonnlUK  the  radlmaDt  ot  Ilis  tmliiuacnl  raMDlBi  *7iteiii,  ind  opening  citenuUlj' 
bj  llie  pore  g. 

According  to  the  observations  of  Prof.  A,  Agasfiiz,'  which 
have  been  eonfiimed  by  Metschnikoff  and  Greef,  the  ombu- 
lacral  vessels  commence  as  diverticula  of  the  stomach,  which, 
becoming  detached  from  the  alimentary  cnnal,  give  rise  to  the 
peritoneal  cavity,  and  to  all  the  substance  of  the  body  be- 
tween the  endoderm  and  the  ectoderm.'  A  portion  of  one  of 
these  diverticula,   however,  separates  itself  from   the  rest, 

'  "  Embrrolofty  of  the  8t«i^fleh."  ("  ContriljiitioDB  to  the  Natural  nietory 
of  the  United  )<ta[eB,"  v.,  18M.)  The  Bpecien,  the  developinrnt  of  which  fi 
deeoribod  in  thle  important  m '"  """   '"■  — 
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tween  the  lateral  plates  are  the  apertures  by  which  the  pedi- 
cels make  their  exit.  The  oral  aperture  is  surrounded  by  five 
oral  angles^  each  of  which  consists  of  five  pieces.     The  two 


Fio.  180.— A,  ventral,  B.  lateral,  vlewt  of  a  ray  of  OpMvraUxtvrata.  (After  MflUer.) 
C,  transyer^e  nection  :  a,  axial  or  **  Tertebral  ^  oaricle  of  rar  ;  d,  antambnlacral 
plate  ;  e,  lateral  plate ;  d,  ventral  or  raperambnlacral  pkte.  D,  »ection  of  a  ray  of 
an  Asterld.  AsiropeeUn  aurontiaeui  (after  Oandry) :  a.  ambulacral  or  *'  verte- 
bral '*  omlcleo  ;  b,  adambalacral  oaaiclet ;  e,  o',  marginal  ossicles  ;  d,  paxilln  of 
antambalacial  snrflice. 


constituents  of  the  axial  ossicle  which  lies  at  the  oral  end  of  a 
ray  become  movably  articulated  with  one  another,  while 
each  anchyloses  with  an  interambulacral  piece.  Transverse 
muscles  connect  the  two  interambulacral  pieces,  the  oral 
ed^s  of  which  are  articulated  with  a  long,  narrow  plate,  the 
torus  angularis  (Fig.  140,/).  The  free  surface  of  the  torus 
angtdaris  lies  in  the  walls  of  a  sort  of  vestibule  in  front  of 
the  mouth.  A  number  of  short,  flat  processes,  the  palm  angu- 
lareSj  are  articulated  with  it,  and  moved  by  special  muscles. 
They  doubtless  perform  the  function  of  teeth.  Rudimentary 
representatives  of  the  calcareous  ring  of  the  Sblothuridea 
and  of  the  parts  of  the  lantern  of  the  JEchinidea  exist  as  deli- 
cate calcareous  plates,  which  lie  on  the  circular  ambulacral  ves- 
sel. The  latter  is  usually  provided  with  ccecal  appendages, 
or  Polian  vesicles.  The  madreporic  canal  ends  on  the  sur- 
face of  one  of  the  scuta  buccalia;  the  radial  ambulacral  ves- 
sels run  in  the  arch  between  the  axial  ossicles  and  the  super- 
ambulacral  plates.     The  nerve  lies  superficial  to  the  super- 
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these  outgrowths  are  supported  by  a  calcareous  skeleton, 
which  is  also  bilaterally  symmetrical.  MetschnikofF '  has 
made  the  interesting  observation  that  in  an  Ophiurid  (prob- 
ably Ophlothirix  fragilis)  the  whole  system  of  perivisceral 
and  ambulaoral  cavities  arises  from  two  bodies,  one  situated 
on  each  side  of  the  gullet,  which  are  solid,  though  it  is  possi- 
ble that  they  may  primitively  have  been  hollow  diverticula  of 
the  archenteron.  Two  cellular  masses  become  detached  from 
these  bodies,  apply  themselves  to  the  sides  of  the  stomach, 
and  are  converted  into  disks,  from  which  the  parietal  and  vis- 
ceral walls  of  the  peritoneal  cavity  take  their  origin.  The 
rest  of  the  solid  body  on  the  left  side  of  the  gullet  acquires  a 
vesicular  character,  opens  by  a  dorsal  pore,  and  grows  round 
the  gullet,  to  give  rise  to  the  circular  ambiilacral  vessel.  The 
other  solid  body  disappears.  The  mouth  of  the  Echinopse- 
dium  becomes  that  of  the  Opbiurid. 

It  cannot  be  doubted  that  these  solid  bodies  take  their 
origin,  in  the  same  way  as  in  other  Echinopaedia,  from  the 
hypoblast ;  and  thus  the  question  arises.  How  far  does  the 
mesoblast  thus  formed  differ  from  that  which  arises  by  the 
mere  outgrowth  of  cells  from  the  hypoblast,  as  in  the  Dog- 
fish, and  how  far  does  this  case  tend  to  render  it  probable 
that  a  scliizoccele  is  only  a  modification  of  an  euterocoele  ? 

The  Echinidea. — An  ordinary  Sea-urchin  is  comparable 
to  a  Holothurid,  with  the  body  distended  into  a  more  or  less 
globular  form,  and  with  a  skeleton  in  the  form  of  regular 
plates  arranged  in  meridional  series ;  those  plates  which  cor- 
respond with  the  ambulacral  vessels  being  superficial  to  the 
latter,  and  consequently  perforated  by  the  canals  which  pass 
from  the  ambulacral  vessels  to  the  pedicels. 

In  the  JSchinidea^  as,  for  instance,  in  the  ordinary  Echimts 
or  Sea-urchin,  the  perisoma  round  the  mouth  {peristome) 
is  usually  strengthened  for  some  distance  by  irregular  oral 
plates.  In  addition,  ten  rounded  plates  are  placed  in  pairs 
close  to  the  lip  ;  these  support  as  many  pedicels,  and  are  per- 
forated by  the  canals  of  the  latter.  A  much  smaller  space 
around  the  anus  {periproct)  is  similarly  protected  by  anal 
plates.  The  rest  of  the  body  is  supported  by  a  continuous 
wall  made  up  of  distinct,  more  or  less  pentagonal  plates,  usu- 
ally firmly  united  by  their  edges,  which  is  called  the  corona. 
Of  these  plates  there  are  twenty  principal  longitudinal  series, 

'  *^  Studion  tiber  die  Entwickelun?  der  Eohinodermen  und  Nemertinen." 
("  M6m.  Acad.  St.-Piitenibourg,"  1869.) 
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const init in ir  the  fireat  mmss  of  the  corona;  aixl  tenai^l 
plat'-:',  ivliiuli  tnrax  a  rim;  aronnd  itx  aboral  or  apioU  ran^l 
T!ir  t'A'<>ntv  91'rieu  of  loa^tudiniil  pimtea  ».tk  disposed  mis 
•  loiilili'  4><rii-9 — <ive  imhulacml  uid  &vc  intenunbolacnl- 
altirni:u:n>r  wtth  one  another  throajriiout  the  circumfiRaeeit I 
tht'  'nn  no.  Eaoli  double  series  af  plmtes  prrsmta  «  apif  I 
suture-  in  till-  middle  tine,  E'ormed  by  the  aiteni»tiii^  mnaiig^l 
m>-tit  'if  the  rriunirilor  extreniities  of  its  component  elemeaiL  1 
Tli>>  'iiitiir'-s  between  the  respective  aeries  of  unbnlacnl  ui  I 
imi-rambuUiural  plates,  on  the  other  hand,  are  less  obvioM  I 


<rr-^fTf 


anrl  itiorp  straight,  Eiich  ambulacral  plate  is  subdivided  bva 
prpatcr  or  less  number  of  sutures,  which  traverse  it  obliquely, 
into  a  corresponding  number  of  minor  plates  ;  and  these,  in- 
■smucli  as  they  are  perforated  by  the  canals  or  pores,  which 
rIvo  exit  to  the  two  vessels  whereby  each  pedicel  is  placed  in 
conimuniention  with  its  basal  vesicles  and  with  the  ambula- 
cral  vessel,  arc  called  pore-platet.  Throughout  the  greater 
part  of  the  length  of  an  ambulacrum  of  the  common  Echinua 
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9iphasra  (Fig.  142,  A)  each  ambulacral  plate  is  thus  divided 
into  three  pore-plates,  traversed  altogether  by  six  pores,  or 
short  canals.  The  outer  openings  of  these  canals  are  arranged 
close  together  in  pairs  upon  little,  excavated,  shield-shaped 
elevations,  or  umhones^  sculptured  on  the  outer  or  interam- 
bulacral  half  of  the  face  of  the  ambulacral  plate  ;  but  their 
inner  extremities  are  much  wider  apart.  A  pore-plate,  or 
subdivision  of  the  ambulacral  plate,  thus  corresponds  with 
each  pair  of  pores,  and  therefore  with  each  pedicel.  Lov6n  ' 
has  shown  that  the  pore-plates  are  the  primitive  ambulacral 
ossicles  in  the  Echinoidea,  At  its  apical  extremity,  in  fact, 
the  ambulacrum  is  composed  of  only  two  small  ossicles,  which 
meet  in  the  middle  line.  Each  of  these  primitive  ambulacral 
ossicles  is  perforated  by  a  single  or  double  pore  for  the  pedi- 
cel which  it  bears.  But  as,  in  the  course  of  the  growth  of  the 
corona,  new  primitive  ambulacral  ossicles  are  added  between 
the  ocular  plate  and  those  already  formed,  the  latter  shift 
toward  the  oral  end  of  the  ambulacrum,  and  grow  in  corre- 
spondence with  the  larger  space  which  they  have  to  fill.  But 
they  grow  unequally  ;  and  while  all  retain  their  primitive  con- 
nections with  the  adjacent  interambulacral  plates,  some  lose, 
while  others  retain,  their  median  union  with  the  correspond- 
ing ossicles  of  the  same  ambulacrum.  The  former,  therefore, 
are,  as  it  were,  pushed  away  from  the  middle  line  by  the  union 
of  their  encroaching  predecessors  and  successors.  Groups  of 
the  primitive  ambulacral  plates,  thus  modified,  enter  into  close 
union,  and  constitute  the  complex  ambulacral  plates  of  the 
fully-developed  ambulacrum. 

In  the  genus  Cidaris,  the  primitive  ambulacral  plates  en- 
large, but  do  no  coalesce  into  secondary  ambulacral  plates ; 
hence  the  distinction  between  ambulacral  plates  and  pore- 
plates  vanishes.  The  ambulacral  plates  are  continued  on  the 
peristome  to  the  margins  of  the  mouth,  and  here  they  become 
somewhat  altered  in  form,  and  their  edges  overlap. 

In  the  living  genus  Asthenosomaj  and  in  certain  extinct 
Echinidea  {LepidocentruSj  JEchinothuria)^  the  plates  of  the 
corona  are  loosely  united  and  overlap  one  another ;  while,  in 
the  extinct  palaeozoic  Periachoechinidoe^  there  are  more  than 
two  series  of  interambulacral  plates,  those  in  the  middle  of 
each  interambulacrum  being  hexagonal. 

In  Echinus^  the  apical  extremities  of  the  ambulacra  abut 
upon  the  five  smaller  of  the  ten  single  plates  which  surround 

»  "  Etudes  8ur  les  Echinold^es."    (*'  Kongl.  Svenska  Vetensk-Akad.  Hand- 
lingar,*'  Bd.  iL,  1675.) 
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the  pcrtproct.    Baob  ot  tbece  u  ptsbmimd,  and  i^poteflt 

eyc-Rpot;  it  is  thenoo  oslled  ui  nrufnrjifnfii      Tfce  ^ioli 
tremiticB  of  the  iaterunbulacn,  on  tha  nthrr  * 


tn.  lU.    (Ariel  Hflllar.>-A. 

iwrt  ofthu  iwtaMd  ambobcnun  oC  >  drpMMioU. 

with  tho  Tivo  hirtriT  platfls,  wfaiob  alteraste  with  the  oenkt 
|)Uti>ii,  mil),  Iiki>  (hi>i»,  arc  perforated.  The  aperture  is,  haw- 
oviT,  litriti'r,  mill  iMiistitutos  the  exit  for  the  f^QetatiTe  pnxt 
iiol*.  <)ii<i  of  tlioDo  livo  genitat  plates  is  larger  than  ibt 
othora,  iiml  pn'iii'iit!i  n  jioculiar  porous  convex  sur&ce,  wUcfc 
in  thti  iunilr(<|xtrio  tiil»>rQlo  or  madreporite.  The  Imtter  is 
thi>ri*rim<  iiili>ruii)t>iiliinral  in  position,  as  in  the  Star-Gah. 

t'omiwrbon  with  tlio  elongated  Eohinoderms  shows  that 
tho  nindni)H)rit(>  lies  in  tho  ri^ht  anterior  inteiradiua  of  the 
soA-nn'liin,  kd  ihut  tho  niitorior  ambuUorum  is  that  which  lies 
to  t1)<i  li'ft  iif  tho  iitmln'pnrito,  when  the  latter  is  directed  ibi^ 
wanl.  In  (MiiiHtiitioiipo  of  being  able  to  distiogoish  this  odd 
or  antorior  radinx,  it  is  ^msaiblo  in  any  of  the  Echinidea  to 
sopnrnio  tlid  thrco  nutcrior  ambulacra,  as  the  (rtviwm,  from 
tho  twi)  iiiiHloritir,  tho  bivium  ;  and  in  the  fosail  gnnns  J)y- 
easier,  thin  (ii<)>anitioit  of  tim  ambulacra  into  triTium  and  tnri- 
um  oxtHtN  naturully.  Mllllcr  has  pointed  out  that  in  all  the 
flattcntH)  K-hiiiiilftt,  with  a  special  ambulatory  surface,  the 
latter  is  forniud  bv  the  bivial  ambulacra  and  interatnbu^ra, 
while,  in  tho  similarly  modified  Holothuridea,  the  animal  reatt 
upon  the  trivium. 

Within  tho  circle  formed  by  the  genital  and  ooolsr  plates 
the  periproot  presents  a  variable  number  of  calciGoationa,  of 
which  one,  the  anal  plate,  is  laiver  than  the  rest.  The  anna 
Nm  excentrically,  between  this  jHato  aud  the  posterior  margin 
ot  the  periproot. 

With  tho  exception  of  certain  pakeozoic  forms  {JPakKhi- 
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nva)^  the  composition  of  the  skeleton  of  the  JEchinidea  is 
always  essentially  similar  to  that  which  has  just  been  de- 
scribed ;  but  the  form  of  the  body  and  the  relative  positions 
of  the  anal  and  oral  apertures  may  vary  very  much.  In  the 
Echinoida  ( CidariSj  JEJchiniM)  the  body  is  spheroidal,  and 
the  oral  and  anal  apertures  are  opposite  and  central,  or  very 
nearly  so.  In  the  Clypeastroida  (  Clypeastery  Echinocyamus) 
the  form  of  the  body  varies  from  a  spheroidal  to  an  exces- 
sively flattened  and  even  lobed  shape.  The  mouth  remains 
central,  but  the  anus  varies  in  position,  from  the  apical  sur- 
face to  the  margin,  or  even  to  the  oral  surface,  as  in  Echino- 
cyamus.  In  the  remaining  division  of  the  JEchinidea^  the 
Spatangoida  {Spatangua^  AmphidotuSj  Ananchytea)^  the 
form  is  usually  a  somewhat  depressed  oval,  and  both  the  oral 
and  the  anal  apertures  are  excentric.  The  madreporite  and 
the  genital  and  ocular  plates,  on  the  other  hand,  remain  in 
the  centre  of  the  aboral  region  in  all  the  JSchinidea, 

The  ambulacra  present  important  variations  in  the  three 
divisions  of  the  Echinidea,  In  the  Echinoida  they  are  Ao- 
mogeneous,  presenting  the  same  composition  from  their  oral  to 
close  to  their  apical  extremities,  and  having  the  pores  and 
pedicels  similar  throughout.  Furthermore,  the  ambulacra  are 
widest  in  the  middle,  and  taper  gradually  to  each  extremity 
{Echintu)^  or  are  of  nearly  the  same  size  from  one  end  to  the 
other  {Cidaris). 

In  many  Clypeastroida^  on  the  contrary,  the  oral  and  the 
apical  portions  of  each  ambulacrum  differ  very  widely,  or  are 
heterogeneous.  The  apical  moiety  is  usually  very  wide  in  the 
middle,  and  tapers  to  a  point  marginally,  where  it  joins  the 
oral  portion.  Hence  there  is  an  appearance  of  Ave  petals 
diverging  from  the  apex  ;  and  such  ambulacra  are  called  petal- 
oid  (Fig.  142,  B).  In  the  oral  portions  of  the  ambulacra,  on 
the  contrary,  the  pores  are  either  scattered  widely  over  the 
ambulacral,  and  sometimes  over  the  interambulacral,  plates, 
torming pore-arece /  or  they  are  arranged  in  bands  which  ram- 
ify over  the  interambulacral  as  well  as  the  ambulacral  plates, 
giving  rise  to  what  Muller  has  termed  pore  faacim.  In  the 
Spatangoida  (Fig.  143)  the  ambulacra  commonly  present 
the  same  heterogeneous  character,  but  the  oral  portions  are 
not  arranged  in  fasciae ;  and  it  not  unfrcquently  happens  that 
the  anterior  ambulacrum  becomes  more  or  less  abortive,  so 
that  only  four  petals  are  obvious  on  the  apical  surface,  instead 
of  five. 

The  growth  of  the  shell  of  the  Echinidea  is  effected  in 
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two  ways:  partly  by  addition  to  the  circumference  oftk 
oxistin^  l>lates,  partly  by  the  interpolation  of  new  aznb 
larnil  and  interanibulacral  plates  at  the  apical  end  of  et^ 
Bt»rios,  bt'tworn  it  and  the  ocular  or  genital  plate,  as  tfaecis 
may  hv.  Now  plates  are  never  added  to  the  oral  extramtr 
of  tho  r<imna  proper. 

Tlio  surfaro  of  the  plates  of  the  corona  in  the  Hchtnidti 
ia  ooveriHl  with  minute  rounded  elevations,  or  hiberci^i^ta 
wliii'h  nrr  articulateil  the  spines  so  characteristic  of  the 
group,  'riio  tubercle  may  be  either  simple  or  marked  bri 
central  pit,  into  which,  and  a  corresponding*  pit  on  the  head 
of  the  sj)ino,  a  ligament  of  attachment  is  inserted.  Further 
nions  oapsular  muscular  fibres  connect  the  neck  of  the  spine 
with  tlio  l)ase  of  the  tubercle,  and  effect  the  varied  move 
ments  df  which  the  orpran  is  capable.  The  spines  of  the 
J\vhhuth(t  vary  very  much  in  form  and  size,  from  the  dose- 
8t»t,  velvety  pile  of  Scutella^  or  the  delicate,  spoon-shaped 
blades  of  Atnphhhittts^  to  the  lonp-pointed  lances  of  Jurhhm 
and  the  ^reat  clubs  of  Citfaris.  Even  on  the  same  Echino- 
derm  the  spines  may,  as  in  the  two  latter  grncra,  vary  venr 
nuieh  in  aj>pearanee ;  and  it  becomes  necessary  to  distinguish 
those  Inrjxe  ones  whieh  form  a  continuous  series  from  one  end 
of  an  anibuhicruni  or  interambulacrum  to  the  other,  as  pri- 
viftrt/  spines,  from  the  other  less  complete  secondary  and 
ttrtittrif  stTies. 

Loven*  has  drawn  attention  to  the  existence,  in  all  the 
.J'Jr/n'fu't^rit,  exeept  Cidarhy  of  certain  minute  spheroidal 
bodies,  ran^ly  more  than  -jj^j^  of  an  inch  long,  which  he  terms 
8j>/nfTnf('a,  Tliey  occur  upon  the  ambulacral  plates,  and  es- 
pecially u|Hm  tliose  nearest  the  mouth.  Each  contains  a  cal- 
careous and  more  or  less  dense  and  glassy  skeleton,  which 
is  articulated  with  a  corresponding  tubercle,  as  if  it  were  a 
miniature  spine.  In  some  genera,  these  ^phcsridea^  to  which 
Lovt^n  ascribes  a  sensory  function  ^probably  auditory),  are 
sunk  in  fossa^  of  the  plate  to  which  tliey  are  attached. 

Scattered  among  their  spines,  the  Hk^hinidea  'possess pedi- 
ccUarioPy  which  are  usually  provided  with  long,  slender  stems, 
terminating  in  oval  heads,  divided  into  three  jaw-like  pro- 
cesses. The  latter  aro  strengthened  by  calcareous  ossicles, 
which  articulate  with  an  ossicle  contained  in  the  basal  part 
of  the  head,  and  a  calcareous  rod  is  usually  developed  in  the 
stem. 

* ''  Etudes  sur  les  Ecbinold^os,**  1875. 
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In  the  Spalangoida,  when  the  skeleton  is  cleaned,  its  sur- 
face is,  in  many  cases  (Amphidotus,  SriKui,  ^xitangrts), 
marked  by  one  or  more  symmetrical  bands  of  close-set,  mi- 
nute tubercles  (Fig.  143,  e,f,  g).  During  life,  slender  sptues 
are  attacbed  to  these  tubercles,  the  caloareous  skeleton  of 


Pio.  !«.— XmpSWodM  atrdali 


brtilnd:  a.bb, 
DiTTnra.  orpoficrolateralam- 


which  is  clothed  with  a  thick  coat  of  integument,  which  sud- 
denly enlarges  at  the  apex  (Fig.  143,  D)  ;  long  and  olose-set 
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cilia  cOTcr  the  shaft  of  the  sinae,  while  no  such  stntd 
exist  oil  tlie  tcrmin&I  enlargement  These  bands  of  ] 
liarly-iHudillcd  spiiicH  are  called  temitcB  or  yiueioies.  Sti 
lie  bonculU  and  surround  the  anus  in  some  geoen,  am 
called  tubanal  aad  circumanal ;  othen  surround  the  ( 
cxtrcinitica  of  the  petaloid  ambulacra,  and  are  termed 
jiet<iloii»,  or,  whun  they  encircle  the  inner  terminatior 
their  utiiiiulacra,  inlrapetaloui  {AmpAidolue}  {Fig.  143,  A 

If  wo  turn  to  the  interior  of  the  shell  of  the  JSa 
ilia,  wi'  ttnil  in  the  Echinoida  that  ambuJacral,  or  somet 
(Cidari«)  iiitcrambulacrol,  plates  of  the  onl  mar]^n  of 
ourona  :iru  produced  into  fire  perpendicular  perforated 
ccsst^s,  which  arch  over  the  ambulacra,  and  are  called  the 
ricidix; 

Bi'bidcB  these,  processes  are  developed  from  the  ami 
crnl  plutos  in  Cidaria  which  form  a  sort  of  wall  on  each 
of  tlic  anibulacral  canal,  but  do  not  arch  over  it.  In  Clff 
ter,  similar  processes  form  complete  arches ;  and  in  the 
teiicd  C'lypeustroid  i^icutellti,  tlie  oral  and  apical  walls  of 
corona  :uc  united  together  by  calcareous  trabcculie,  so  ■ 
the  cavity  of  tho  body  is  restricted  to  a  very  small  space. 

The  Spatniigokla  present  neither  Auriculce  nor  other 
tcriKil  pro:"esses. 

Ill  the -£<.'/i/«((?(;i7,  tho  ccsophafTus  is  usually  distinct,  I 
boyoiul  a  c;eritl  flivrrticnlum  in  some  cases,  tliero  is  no  furl 
dilTcrentiation  of  tlio  altm<<ntary  canal,  which  is  disposed  : 
riilly  around  the  walls  of  the  corona,  and  attached  thereto 
a  mnscnlcrv. 

In  tho  JEr/iinidert,  tho  oral  skeleton  attains  its  higb 
d.^velopmcnt  in  tlio  so-called    "  Aristotle's  lantern "  of 
Sea-urchins  (Fip.  144,  B,  C,  D). 

Tins  apparatus  consists  of  five  hollow,  wedfte-shaped,  < 
cnroous  pieces — the  alveoli  (Fijf.  144,  B,  a) — each  of  whicl 
composed  of  two  halves  united  togfcther  in  the  middle  li 
while  each  half  again  consists  of  a  superior  epiphysis,  and 
inforior  principal  portion,  united  topether.  Each  alveo 
servos  as  the  socket  for  a  long  toolh  (e),  shaped  somewl 
like  the  incisor  of  a  Rodent,  harder  csternally  than  internal 
80  as  always  to  develop  a  sharp  edge  with  wear.  The  toe 
ennst:intly  grows  from  its  upper  extremltv,  while  its  low 
half  becomes  united  with  the  wall  of  the  alveolus.  Tbe  li 
alveoli,  if  fitted  together,  form  a  cone,  tho  applied  surfaces 
which  are  united  by  strong  transverse  muscular  fibres,  wh 
superiorly,  the  epiphyses  of  each  pair  of  alveoli  are  connect 
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by  long  radial  pieces— the  rotidas  (c)  articulated  with  their 
edges.  To  the  inner  extremity  of  each  rotula,  finally,  a  elen- 
der  arcuated  rod,  presenting  indications  of  a  division  in  the 


enllr.  C,  taieralrlew.  sue 
■iTMin*:  a',  >alan  irllb 
prlncipU  pleca  ;  <,  mtol*  ; 

middle  of  its  length,  is  articulated,  and,  running  outward  par- 
allel with  the  rotula,  tenninatca  in  a  free  bifurcated  extremity. 
This  is  the  radius  (d). 

Altogether,  then,  the  Lantern  consists  of  twenty  principal 
pieces — five  teeth,  five  alveoli,  five  rotula,  and  Eve  radii — of 
which  the  alveoli  are  again  divisible  into  four  pieces  each, 


i'.i4       riiE  axatoict  or  es^lkiuouted  anixals. 

.Hill  i.!ii:  ri'iii  i:i-'  ''^^-  -::j.k:::z  a  total  of  fornr  pieces.  In 
\\v'.n  iii#rmai  i>:«:::':c.  :"  -rr-i-?:  c-?  remembered  that  the  alveoli 
.ftiiil  ti-«-th  iPr  :-■:•?. -i-:: T ■:!  I. 'rL,  trhile  the  radii  and  rutube  are 
.iiiili.jii.nl.  Be?:  ir*  :!i?  .-irrnlre-Dlar  muscles  alreadjde- 
» -fifM-i,  •-ill*  r:  — rl'?x  ATTiri:--*  b.a.5  protractor  muscles  arising 
fnijii  t:i-  i-i'r.-irn'.tjli.'nl  r^»-^.;a  of  i:ie  oral  edg«  of  the  coro- 
rii,  .1 1'l  ■.-.irr'.i^i  iz'.'-  '.zy  upr^r  part  of  the  alveoli  ;  sleoder 
iiiili'l  1  •  T.  i5.:I'r5.  w::>.  i  -iniijir  oHaia,  but  inseried  into  the 
ri'Iii ;  trarjTers?  rr.:*:'.?*  ■:':n--'::irz  the  radii  togt^ther  ;  and 
ftra  ••  jr  c::*:>'»  ari?ir*^  :r:-ni  the  archie  of  the  auricuke,  and 
iii*i-r^  i  irr.'j  t^e  oral  on  is  of  the  alreoli. 

A  -In^ilir  bu:  i-»?*  «:>'::i>lex  oral  skeleton  exists  in  most 
r/»//^  /'/.-.>  "7.  J  tFijT.  Ut,  A».  but  nothing  of  the  kind  has  jet 
I II  ■'  ■  r  I  ■  I !  • "  ■  V'^  re  i  i  :i  I  ho  >j  •  r*  .*  /i  7'>  i'  /'i. 

In  t':--  E:hinll-:  «,  :ho  cirojlar  ambulacral  vessel  lies  be- 
twi'-ri  t:.o  ofjophijT'j*  ail  tho  alveoli,  and  is  usually  provided 
wiWi  :':.'■-.  «i:?ulit'^  1  plian  v-^*::*Le5.  There  is  a  sin^^le  madre- 
p  .ri  ■  •  *-.i!,  m  ■ -:]"'■  r:i:i  ^  :<  .u.  E  h '  »/*.  but  oilcareous  in  Cida- 
ri*,  •*;.;-  1  -i-x :•.■:'.  is  :.-arly  ::i  ::;o  axis  of  the  b^rly  from  the 
i-ir"  il  ir  V-- 1  I.  :ri-?  r:a.lre>.»r:c  tubercle.  Five  radial  ves- 
^«-Ih  rri  IT*  th  •  in:  I  He  .f  t.ie  inner  surface  of  the  ambulacral 
|il.it.'-.  w:i:'?!i  th -y  p-a-'i  by  pa>?in£r  from  th«^  circular  canal, 
mirwarl.  b  ■n'^'ith  th.-  rotxl.i',  when  theso  exist  ;  next,  clown- 
war- 1,  •:Xi-rri  il  to  til-:*  int'-ralveolar  musoles  :  and  tbi*n,  out- 
war  i,  thr  .'Jirli  the  an^lies  of  the  auriculae;  these  prive  off 
lir.ui  -li'.'S  on  «:-ar-h  si  1*  t  » th'»  pe  iieels,  the  bases  of  which  open 
iiil  I  I  tr;f'*  ainbila^ral  vtVNicl'\s.  The  circular  ambulacral  vcs- 
w  •!  of  thi;  Sfrffanif'fttl I  his  no  p  )lian  vesicles,  and  no  vesic- 
iil  ir  aj»r)':i'la;2'os  ;  in  the  C'lypeasters  there  are  manv  vesicu- 
lar ;ipj*'rn  i;iir»*S  bnt  no  polian  vesicles.  In  most  jEchinoida^ 
iill  tht;  p  .-.iiivls  are  expanded  into  suck ingnlisks  at  their  ex- 
ln*mitif*s,  and  aro  h<*ro  strengthened  by  a  calcareous  plate 
or  [)lat*'s;  but,  in  E'hinocUlftrU  and  some  other  Echhioida^ 
\\\fi  pf-fjicfls  of  the  oral  portion  of  the  ambulacra  only  have 
lliin  .stru^'ture,  while  those  of  the  apical  portion  are  pecti- 
iiilfd,  flattenf'l,  and  pill-like.  Asrain,  in  the  heterogeneous 
ninbula'Ta  r»f  the  ClypoaMroidi  and  Sf>atangoida^  the  forms 
of  \\\i\  p^Mlicr*ls  vary  much.  Thus  Miiller  distinguishes  four 
Kinds  of  podicels  in  the  Spatangoida :  simple  and  locomo- 
tive p'^licjids,  without  any  sucking-disk;  locomotive  pedicels, 
prf»vi<le'l  with  terminal  suc'kers,  and  containing  a  skeleton; 
liirlih*  ])e(lir('la,  with  papillose  expanded  extremities;  and 
jfi  11-1  ike  pecHccls,  triangular,  flattened,  more  or  less  pecti- 
nated lainelLx.     Two  or  three  of  thcso  kinds  of  feet  may 
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oocur  in  anj  given  ambulacrum,  and  those  which  lie  within  a 
semita  are  always  different  from  the  others. 

In  the  Clypeastroidaj  the  petaloid  portions  of  the  ambu- 
lacra possess  branchial  pedicels,  interspersed  with  delicate 
locomotive  pedicels,  provided  with  a  calcareous  skeleton  and 
with  a  terminal  sucker.  The  latter  kind  alone  extend  on  to 
the  oral  portions  of  the  ambulacra. 

The  circumoral  nerve  of  JEJchinus  surrounds  the  oesoph- 
agus near  the  mouth.  It  has  a  pentagonal  form,  and  is 
inclosed  by  the  alveoli,  between  which  the  ambulacral  nerves 
pass,  over  the  peristome  and  through  the  arches  of  the  au- 
ricula;, to  the  ambulacra.  Each  ambulacral  nerve  is  accom- 
panied by  a  neural  canal,  which,  however,  insheathes  the 
nerve,  and  does  not  merely  lie  on  its  inner  side.* 

The  only  known  organs  of  sense  in  the  JEchinidea  are  the 
pigmented  "eye-spots,"  developed  in  connection  with  the 
ends  of  the  ambulacral  nerves. 

The  peritoneal  space  is  filled  by  a  corpusculated  fluid, 
which  is  kept  constantly  in  motion  by  cilia  distributed  over 
the  parietes  and  the  contained  viscera.  The  aeration  of  this 
fluid  appears  to  be  facilitated  in  all  the  Echinoida^  except 
Cfdaris^  by  five  pairs  of  special  branchial  plumes  developed 
from  the  peristome;  while,  in  the  Clypeastroida  and  Spa- 
tangoiday  which  possess  the  modified  pedicels  commonly 
termed  ambulacral  gills,  there  are  no  such  organs. 

In  the  Echinideay  a  circular  pseud-heemal  vessel,  whence 
branches  are  given  off  to  the  genitalia,  is  said  to  surround 
the  anus.  The  alimentary  canal  is  accompanied  by  two  ves- 
sels, one  on  the  side  of  the  mesentery  (dorsal),  the  other  on 
the  free  side  (ventral),  which  communicate  with  a  lacunar 
network  in  its  walls  ;  and  besides  these,  a  fusiform  body  run- 
ning parallel  with  the  madreporic  canal,  and  terminating 
inferiorly  in  a  circular  vessel  which  lies  close  to  the  circular 
ambulacral  vessel,  around  the  oesophagus,  has  been  described 
as  a  "  heart." ' 

The  genital  organs  are  sacculated  glands,  which  attain  a 
large  size  in  the  breeding  season,  and  open  extenially  by  the 

>  TeuBcher,  I.  c. 

*  According  to  Hoffmann^s  latest  investigations,  there  is  neither  anal  nor 
oesophageal  circular  vessel  in  SpaUinffut  and  ISchintu,  In  the  former,  a  distinct 
anastomotic  trunk  connects  the  intestinal  vessels  with  the  circular  ambulacral 
veAsel.  In  the  latter,  both  intestinal  vessels  open  directly  into  the  circular 
ambulacral  vessel,  and  what  has  been  described  as  a  heart  is  really  the  niadre- 

Sorio  canal.    (*'  Ueber  das  Blutffefilss-System  der  Echiniden,"  *^  NiederUn- 
i80he«  Aiohiv,''  Bd.  L) 


pores  oo  the  aenital  pktoi^  JtuonA  i 
extruded.  Hofimum  hu  fcmd  um 
nwles  full  of  BpenutOBm. 


tta.  !«.— Derelopmenl  at  an  XUiaid.  lArKr  Hall«r.>-A.  EcUaopMdtaB  <4 
nuipulcJuBiala  Ibo  Kiatnla  ■!■««.  B.lallT'dmliiMd  BcUaopadlDB  {/t 
of  lbs  aimo  upeclea :  a,  monlb;  A,)Uim«chnd  fartmtliH;  caiuu;  ^^'.pnM 

of  thg  tKxlT  Inla  vblcb  praldQitatlani  ot  the  (numil  ■I-*-' ■— '     ' 

KchlnopMcliam  of  u  KchlDtd  In  wbldi  tba  K^' — ' 

the  nptncf ,  mdtceli,  aod  pedlcalliita  an  tIi 
MbWw.-  a,moath;  o'.nuMI  *■  atodwe-'  " 
derm;  ^.  tbe  iinbiiUecal lac;  ^,  than 
Ui<  prooMMi  of  the  bodr- 

la  the  Sehinidaa,  as  in  the  Ojthiwidea,  the  Echine 
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dium  is  a  JPluteus^  and  has  a  skeleton  formed  of  calcareous 
»-  rods,  which  support  the  processes  into  which  the  body,  in  the 
region  of  the  ciliated  bands  and  elsewhere,  is  prolonged. 

The  origin  of  the  ambulacral  system,  before  it  has  the 
form  of  a  caecum  with  a  dorsal  pore,  has  not  been  made  out. 
The  blind  end  of  this  csecum  lies  on  the  left  side  of  the  ali- 
mentary canal,  and  is  connected  with  a  discoidal  body,  which 
is  situated  on  the  left  side  of  the  stomach ;  a  similar  body  ap- 
pears on  the  right  side.  Doubtless  these  discoidal  bodies  an- 
swer to  the  peritoneal  diverticula  of  the  alimentary  canal  of 
the  Echinopaedium  in  other  Echinoderms. 

The  blind  end  of  the  tube  enlarges,  and  gives  rise  to  a 
rosette,  whence  the  ambulacral  vessels  proceed ;  and  a  de- 
pression of  the  integument  of  the  larva,  forming  the  so-called 
umbOy  extends  inward  to  this.  At  the  bottom  of  the  umbo, 
a  new  mouth  opens  through  the  centre  of  the  rosette  into  the 
gastric  cavity  of  the  larva,  the  primitive  oesophagus  being 
abolished.  The  larval  skeleton  undergoes  resorption,  but  the 
rest  of  the  Echinopaedium  passes  into  the  Echinoderm.^ 

Loven  has  recently  drawn  attention  to  the  fact  that,  in 
young  Echinids,'  the  plates  of  the  apical  region  are  not  only 
more  conspicuous  in  relation  to  the  corona,  but  differ  some- 
what in  their  arrangement  from  those  of  the  adult.  Thus 
the  anus  is  at  first  wanting,  and  the  anal  plate,  which  occu- 
pies the  centre  of  the  apical  area,  is  relatively  large  ;  it  is 
united  by  its  edges  with  the  five  plates,  which,  imperforate  in 
the  young,  will  become  the  genital  plates  in  the  adult.  The 
five  ocular  plates  are  also  imperforate,  and  are  disposed  in  a 
circle  outside  that  formed  by  the  genital  plates,  their  inter- 
spaces being  occupied  by  interambuTacral  plates.  The  apical 
region  of  an  Echinid  has  thus,  as  Lov^n  points  out,  a  most 
striking  resemblance  to  the  calyx  of  a  Crinoid ;  the  anal 
plate  representing  the  basaliaj  the  genital  plates  the  para- 
basaliay  and  the  ocular  plates  the  first  radialia. 

The  Cbinoidea. — ^This  remarkable  group,  which  abounded 
in  former  periods  of  the  world's  history,  is  represented  at  the 

'  8ity  in  addition  to  the  memoirs  of  Mciller  and  Bietschnikoff  already  cited, 
A.  Ai^asaiz,  *'  On  the  Embryology  of  Echinoderms.'*  (^^  Mom.  American  Acad- 
emy of  Sciences,"  1864.) 

•  The  admiraolo  mono^n^ph  of  A.  Afirassiz,  "  Revision  of  the  Echini,"  pub- 
lished in  the  **  Ulustrated  Catalo^e  of  the  Museum  of  Comparative  ZoOloffy  at 
Harvard  College,"  is  also  full  of  mformation  respecting  the  young^itates  or  the 
Echinids. 
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:?rt?s*?nc  iav  .mi>  ■?%•  :!ie  a:enen»  ^niedon  {OofnatulaVt  Aiib 
Ji •)///•  '^ - ' .  '. * ' /f I •  '<B^ V  r.  F: ft t* rcri/ 1 ew ,  HhizocrintUj  and  lioiopvL 
Vh«.'  -ir^:  :  jpf\?  jc^aera  are  capable  of  locomotion,  vhile 
::it?  '«'-^:  •-•*•*  ir-.'  j crabbed  by  U-ng"  articulated  stems  to  sa^ 
marvK'  '.'ivi.os.  H-t'^L-ni*^  which  is  but  imperfectly  knovTi, 
app«.ur>  : '   :o  -.i.v.'^i  >y  \  short,  thiok^  unjoin  ted  proIoDgation 

/•/*.:•■.—■'".<  '  -' f ■  .'MM  \Vi'Z'  146  >,  wbicb  has  been  verr 
car ^ :"  l1  i V  x:\'  i  .•  la Ix* n : o ly  .icsc rioeii  by  Sars, *  is  a  s mall  animal 
wiiich  :•  e<  v.^z  i::a;*a  morv  chau  three  inches  in  len^h,  and 
lives  ir  ^r- i:  J.cvii:*  T-'.^^OO  fathoms  or  more)  in  the  sea. 
It  .1  -'T'  5 L*:  >  c  A  ?•  •  ■  a : i v t* W  Ion;x%  many-jo i  n ted  st em ,  from  many 
o:  :  •  '  irt^'i -i:;  '"*  .*:  which,  branched,  root-like  filaments, 
or  .''•■''.  x"'  ^v  •  .v^  .  a:  tho  summit  of  this  is  seated  a  cup 
shaivi  >v'. .  V  --.  ,.-.  ■"-•.:•  ;he  marjrins  of  which  five  toseven 
arT>  '\-"-  t  ■  1  •  t  V.  v.*  each  arm  is  attached  a  double 
ser-cs  .•■    I   v.'M     ■.;    '.  • /'t:*r.     The  mouth  is  situated  in  the 

s^^ -•  '  ■       '.      '^-    xr'soma  which   forms  the  siirfiaco 

•*•    •     -^         ^^  V-   <:.'!v.     The  oral   aperture  is  cir- 

1  .     ^        '  -  ■>"*     tily  four)  triang-ular  lobes  of 

ch..'  v  -v.  -'..  ^*  •  -.  .:.;.=.  ■■■-o  oixis,  projoct  over  it,  and, 
%\y-''   -*     .       '^^  V'  ^.-    ■•  . ■  V   valves.       From   the  intc^ 

v.i'.>  ^'-    ^^•■*     ' '^  *  •  <   -.  .-    r.ircly  four)  p-rooves  trav- 

erse    .'•        .'     X       !    '  ■    o     .LilvT,    and    extent!    thence 

thr^^-:;  ••  •  '  ^^  '  '  ■■••.:■'  .^:'  .\uli  arm,  crivincr  offsets  as 
thc\  ^^  ..'     •  ■  *  ■^.      *.'•.<  :>o  oru!  surface  of  each  arm 

Iv  ^^  ^ V   '  I     ■  ;  .iv:  :-.;  oral  valves,  soft  flexible 

tor.".-u*  '  ' v-  /•■■'i    i"v  '-.'J.  led  :v.  a  sin«;rle  series.     Two 

pairs  >-."  v  ■  ,  ■-  s  :.;.  xN  ..:  -. ^  ov,-v  v-Uv,  each  pair  aris- 
inir  •;-.''^  *  •  •  .m^.'.  «.— \»  -:  ^  v.ilvo.  Those  pedicels  are 
hollo ^.  '■  ^  ■  ^-■.  '^  V  X  -m;. ;.  so,  ,1"  I  :lio  outer  or  nidial  pedi- 
cel .' I  vM  •' *  V ;  r  •  s  V  ~ y  .-• ' ••. : -A  * : i * : .  Povi icols  of  the  same 
p»:»n 0  r-.i './  *  ^  ?  r  •.:*••  ,i  \*  .v  ■  * :  ■.  ■  v,u\ I  :  r.  tv^  ;:  ^  ■ : o  i; t  1 1  lo  bra ch  ial  and 
pinn'::.ir  ^r-.^  ^  .s. 

The  :\:i.".s  i>  s'.:v.a:.'1  .i:  ::*o  e-d  of  a  ov^nical  prominenet> 
be t w 0 0 T'l  :  "-v  .^  o :  :  h o  ;:: ro*  ^ v  o s  v v\  i V. o  ora I  la cc  of  t h e  ca ly x ,  and 
is  ther<.:\'7C  '"':*r'''. :*:"•:'  i:i  iv>i:io:i  ^Fiir.  14t>,  III.  cth). 

The  skeleton  eo:isis:s  of  very  numerous  pieces  resulting 
from  the  oalei  neat  ion  of  the  ^vrisoma.  In  the  stem  they  have 
the  form  i>f  cloiiiritcd,  subcyliu  Irieal,  or  hour-glass-shaped, 
joints  r?-"r<  ■"^),  the  opjv^sod  faces  of  which  are  united  by 

I  »*  Mem'-'ir?*  r^-ir  servir  ix  !a  wnnalssaacc  dos  Crinoldes  ^ivants,"  166S. 
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strong  elastic  ligamentotia  fibres.  The  ceatre  of  each  ia 
traversed  by  ft  longitudinal  axiai  canal,  which  extends 
through  the  whole  length  of  the  stem  and  is  occupied  by  a 


i.  SAUoctintu  tBitie:  a,  enliried  upper  Joint  oF  tha  item  ;   ft,  Urril  JoIntBor  the 

Item ;  «,  clrtl ;  d,  bnebli. 
n.  Calfi  utd  inni  with  thg  k 

'-~-]k>p»d  bnchli  I  a.  >■  b«l....  . . 

.  . -Ini  bnctabil  ;  p,  p.  plnnnlce. 

.  tppcipirtor  tba  atem  todanl  fKe  of  tb«  aiyx.  vlewnl  obliqnelT;  dower 

ptrl  of  TlKenl  miM;  f(,  IsmMnlnr  eroorei ;  o,DnlvalTef;  <,  oral  leauclei ; 


soft  but  solid  substance.  The  distal  joint  of  the  stem  is  not 
directly  fixed  to  the  surface  to  which  the  Criuoid  ia  attached, 
but  is  connected  therewith  by  the  branched  cirri  which  pro- 
ceed from  it.  Each  cirrus  has  a  skeleton  composed  of  joints 
or  articuli,  somewhat  like  those  of  the  stem,  and  traversed  by 
a  prolongation  of  the  axial  canal.  Similar  cirri  are  developed 
from  a  larger  or  smaller  number  of  the  articuU  of  the  distal 
portion  of  the  stem. 

The  proximal  joints  become  gradually  shorter  in  propor- 
tion to  their  length,  until  they  assume  a  discoidal  form.  It 
appears  that  new  articuli  are  continually  added  at  that  end  of 
the  stem  which  lies  nearest  the  calyx. 

The  summit  of  the  stem,  or  the  base  of  the  calyx,  is 
formed  by  an  enlarged,  solid,  pear-shaped  ossicle,  which  is 
probably  formed  by  urn  coalescence  of  several  articuli.    Upon 
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this  follow  five  pieces  (first  radicUia)  closely  united  tog 
airi  with  a  central  piece,  which  prolMbly  represents  the 
lia  of  other  Crinoids.     The  first  radial  oorresponds  in  < 
tion  witii  the  origin  of  one  of  the  arms,  and  is  followed 
second  and  third  radial.     With  the  thind  radial  is  articii 

itho  first  of  the  brachial  ossicles,  which  constitute  the  i 
tal  support  of  the  unbranched  hrachia.    The  pinnules  an 
supporLcnl  by  a  series  of  elongated  calcified  joints,  the 
joint  being  articulated  with  a  brachial  ossicle  and  the  i 
joint  pointed. 

The  axiul  canal  dilates  in  the  enlarged  piriform  o 
a))0ve  mentioned ;  and,  from  the  dilatation,  branches,  i 
traverse  the  radial  and  the  pinnular  ossicles,  are  givei 
There  is  a  calcareous  plate  in  the  substance  of  each  oral  i 
and  minute  reticulated  calcifications  are  scattered  throug 
perisoma  of  the  oral  face  of  the  disk. 

The  sides  of  the  radial  grooves  arc  provided  throug 
Jl  with  a  double  series  of  oval  calcareous  plates — ^the  man 

j  lamdl'V — which  arc  disposed  transversely  to  the  groove,  t 

of  opposite  sides  alternating  with  one  another.  They  ca 
erected  or  dopresscd  ;  and,  in  the  latter  case,  overlap  on< 
other  like  tiles. 

In  Pentacn'nus,  the  long  stem  is  fixed  by  its  distal 
and  the  pentagonal  articuli  of  its  skeleton  give  oflP,  at  ii 
vals,  whorls  of  unbranched  cirri.  No  distinct  basal  pie 
known,  but  the  calyx  appears  to  begin  with  the  five  first ; 
alia.  At  the  third  radiale^  the  series  bifurcates  into 
series  of  brachial Uf^  and  these  again  bifurcate  to  give  ris 
the  j)almfiriay  which  support  the  free  arms.  There  are  i 
ginal  lamellad  along  the  sides  of  the  tentacular  grooves,  ai 
longitudinal  series  of  calcareous  ossicles  occupies  the  floe 
each  groove.  The  anus  is  situated  upon  an  elevated  ii 
radial  cone. 

The  body  of  an  adult  Coniaiula  (Antedon)  answers  to 
calyx,  with  its  brachia,  in  other  Crinoids. 

The  centre  of  the  skeleton  is  constituted  by  a  large  cen 
dorsal  ossicle,  articulated  with  the  aboral  face  of  which 
the  numerous  cirri,  by  which  the  Antedon  ordinarily  gra 
the  bodies  to  wliich  it  adheres,  though  it  is  able,  on  occas 
to  swim  freely  about.  This  centro-dorsal  ossicle  appears 
bo  the  homologue  of  the  uppermost  part  of  the  stem  in 
Pentacriniis.  There  are  five  divergent  series  of  radio 
each  containing  three  ossicles.  The  first  radials,  or  th 
nearest  the  centro-dorsal  plate,  are  closely  adherent  to 
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another  and  to  the  centro-dorsal  plate,  and  are  not  visible  on 
the  outer  surface  of  the  calyx.  The  space  left  between  the 
apices  of  the  five  first  radials  is  occupied  by  a  single  plate, 
the  rosette^  which  is  formed  by  the  coalescence  of  the  ^sq 
basalia  present  in  the  larva. 

The  anatomy  of  the  soft  parts  of  the  Crinoidea  has  been 
most  thoroughly  investigated  in  the  genus  ComcUula  (An- 
tedon).* 

The  mouth  leads,  by  a  short,  wide  gullet,  into  a  spacious 
sacculated  alimentary  canal,  which  is  coiled  upon  itself  in 
such  a  manner  as  to  make  about  one  turn  and  a  half  around 
the  axis  of  the  body,  and  then  terminates  in  the  projecting 
rectal  cone,  which,  as  has  already  been  seen,  is  situated  inter- 
radially  on  the  oral  face  of  the  calyx.  The  central  cavity, 
included  by  the  coil  of  the  alimentary  canal,  is  occupied  by  a 
sort  of  core  of  connective  tissue,  and  has  received  the  name 
of  columella^  but  it  must  be  imderstood  that  it  is  not  a  dis- 
tinct structure.  Bands  of  connective  tissue  connect  the  outer 
periphery  of  the  alimentary  canal  with  the  perisoma. 

The  '^VQ  triangular  lobes  of  the  ]>erisoma,  which  surround 
the  mouth  like  so  many  valves,  contain  no  calcareous  skele- 
ton in  the  adult  Antedon.  Within  these  lobes,  attached  to 
the  oral  membrane,  there  is  a  circle  of  tentacula.  From  the 
interval  between  each  pair  of  oral  valves,  a  groove  radiates 
outward  over  the  surface  of  the  calycine  perisoma  and  speed- 
ily bifurcates  ;  one  branch  goes  to  the  oral  surface  of  each  of 
the  arms,  and  runs  along  it  to  its  extremity,  giving  off  alter- 
nate lateral  branches  to  the  pinnules  in  its  course. 

These  grooves  are  the  ambulacral  grooves.  Their  sides 
are,  as  it  were,  fenced  by  small,  lobed  processes  of  the  peri- 
soma ;  and,  on  the  inner  sides  of  these  processes,  groups  of 
minute  pedicels  take  their  origin  from  the  sides  of  the  floor 
of  the  groove.  A  thickened  band  of  the  ectoderm  occupies 
the  middle  of  the  floor,  and  so  strikingly  resembles  the  ambu- 
lacral nerve  of  the  Star-fish  that  the  homology  of  the  two, 

» Carpenter, "  On  the  Structure,  Physiology,  and  Development  of  ComatulaJ'* 
("Phil.  Trans.,"  1866.) 

*  E.  Perrier,  '*  Recherches  Bur  TAnatomie  do  la  Comatula  rotacea^''  ("Arch, 
de  Zoologio  Exp^rimentale,"  1878).    Semper,  *'  Kurze  anatomi^che  Bemerkun- 

Sen  tiber  Comciula  "  (**  WOrzburg  Arboiten,"  1874).  Ludwijf,  **  Zur  Anatomie 
er  Crinoideen"  (Zeitschrift/urwisg,  Zool.,  1876).  Carpenter,  "On  the  Struct- 
ure, Physiology,  and  Development  of  Antedon"  ("Proc.  Roy^I  Society," 
1876).  Greef, "  Ueber  den  Bau  der  Crinoideen  '*  ("  Marburg  Sitzungsberichte," 
1876).  P.  H.  Carpenter,  "  Remarks  on  the  Anatomy  of  the  Anns  of  the  Cri- 
Doids"  {Journal  o/Jnat.  and  Fhytiology^  1876). 
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first  tsserted  by  Ludwig,'  cannot  be  doubted.  Immedii 
beneath  it  runs  a  small  canal,  disoovervd  by  Dr.  Carpe 
and  termed  by  him  the  tentacular  cana/^  which  gives  08 
erat  branches  to  communicate  with  the  oavittes  of  the  { 
eels.  A  second  much  wider  canal — the  ntblentaevlar  can 
lies  bencuth  this,  and  is  divided  bv  a  longitudinal  sep 
But  the  septum  is  incomplete  at  interrals,  and  thus  the 
canals  commuDieate.  A  thiitl,  still  lai^r — eoeiiac  cana 
interposed  between  tbe  floor  of  the  aubtentacular  canal 
the  asial  skeleton  of  the  arm, 

Where  the  ann  joins  the  calyx  the  tentaculsr  canals 
beneath  the  ambulacra]  groove  to  the  gullet,  around  n 
they  are  united  by  a  circular  canal,  from  which  nume 
short  diverticula,  resembling  the  vasa  atnbulacralia  eat 
the  Opiiiurids,  described  by  Simrock  {I.  c),  depend. 
Bubtcntacular  and  cocliac  canals  communicate  irith  chan 
in  the  perivisceral  tissue,  on  tbe  oral  or  the  aboral  face  <A 
visccml  mass ;  and  those  channels  appear,  erentuallv 
open  frcfly  into  the  cavitieB  by  which  the  columella  is  t 

In  the  partition  between  the  subtentacular  and  the  co 
canals  there  lies  a  celluhir  cord,  or  rackis,  which  can  be  tn 
back  into  n  reticulation  of  similar  tissue  in  the  visceral  ni 
The  pri-iiital  glands  contained  in  the  pinnules  are  enlargem' 
of  lateral  branches  of  this  rachis.  But  the  rachis  is  ap 
cntly  only  an  extension  of  the  mesodL-miai  tissue  of  the 
ccral  mass,  comparable  to  that  in  which  tho  genitalia 
lodged  in  the  Star-fishes  ;  ond  the  multiplication  of  tho  g 
tal  glands  may  be  regarded  as  a  further  extension  of 
structure  which  obtains  in  Jiri»inga.  Tlius  it  would  s> 
that  the  position  of  the  genital  glands  in  the  Crinoids  i 


'I  anomalous  as  it  at  lirst 


apne. 


s  to  be. 


The  ccntro-dorsal  tubercle  contains  a  cavity  with  wt 
the  canals  which  traverse  the  ossieula  of  the  cirri,  tho  cal 
tho  brachia,  and  tho  pinnules  communicate.  This  cavity  ■ 
considered  by  Mllller  to  be  a  heart.  It  proves,  however 
be  largely  filled  by  solid  tissue,  which  is  continued  not  o 
into  all  the  canals  which  traverse  the  ossieula,  but  also  i 
the  columella,  or  tissue  which  occupies  the  centre  of  the  o 
of  tho  alimentary  canal. 

Dr.  Carpenter'  is  of  opinion  that  so  much  of  this  a] 
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tissue  as  occupies  the  cavity  of  the  central  tubercle,  and  is 
coatioued  throughout  the  ossicula  of  the  calyx  and  arms,  is 
the  proper  central  organ  of  the  nervous  system;  founding 
this  opinion  partly  upon  the  fact  that,  when  this  mass  is  irri- 
tated in  a  living  Antedon^  a  sudden  contraction  of  all  the 
muscles  of  the  arms  takes  place,  and  partly  upon  the  distri- 
bution of  the  ultimate  ramihcations  of  the  axial  tissue  in  the 
arms.  Greef,  on  the  contrary,*  affirms  that  all  these  tracts  can 
be  injected,  and  retains  the  name  of  "heart"  for  the  cavity 
of  the  centro-dorsal  tubercle. 

The  perisoma  of  the  oral  surface  of  Comatula  exhibits  a 
great  number  of  minute  circular  pores,  with  thickened  cellu- 
lar margins.  Greef  has  discovered  that  these  are  the  external 
apertures  of  canals,  with  ciliated  walls,  which  open  into  the 
body-cavity,  and  readily  allow  fluids  to  pass  into,  or  out  of, 
that  cavity. 

Each  mature  ovary  of  ArUedon  has  a  distinct  aperture, 
through  which  the  ova  are  discharged,  and  to  which  they  ad- 
here for  some  days  like  bunches  of  grapes.  The  testis  devel- 
ops no  special  aperture,  but  the  spermatozoa  appear  to  be 
discharged  by  dehiscence  of  the  integument. 

Siace  the  discovery  by  Vaughan  Thompson  that  Comatula 
passes  through  a  Pentaorinoid  larval  condition,  the  develop- 
ment of  the  free  Crinoids  has  been  the  subject  of  various  in- 
vestigations,' and  the  following  results  may  be  regarded  as 
established : 

Complete  yelk-division  takes  place.  The  morula  acquires 
an  oval  form,  and  develops  four  hoop-like  bands  of  cilia, 
with  a  tuft  of  cilia  at  the  hinder  end.  Between  the  third  and 
fourth  bands  of  cilia,  counting  from  the  anterior  end  of  the 
Echinopsedium,  the  blastoderm  becomes  invaginated,  and 
gives  rise  to  an  archenteron.  In  the  interspace  between  this 
blind  sac,  the  wall  of  which  is  the  hypoblast,  and  the  epiblast, 
constituted  by  the  rest  of  the  blastoderm,  a  mcsoblast  com- 
posed of  reticulated  cells  makes  its  appearance.  The  blasto- 
pore closes,  while  the  archenteron  detaches  itself  from  its 
attachment  to  the  posterior  ventral  face  of  the  larva,  and  be- 
comes connected  with  an  oesophageal  involution  formed  at  its 
anterior  end.  The  archenteron  next  throws  out  three  diver- 
ticula, of  which  two  are  lateral  and  one  is  ventral.     The  lat- 


>  "  Ueber  das  Horz  der  Crinoideen"  (**  Marbm^  Sitzungsberiohto,'*  1876). 
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oral  diverticula  enlarge,  and  applj  themselves  to  the  restt 
the  archcnteron,  now  become  the  intestine,  from  which  tk 
arc  soon  completely  shut  off,  and  converted  into  peritoH 
sacs.  The  left  sac  thus  formed  lies  on  the  ventral  side  of  d 
int(^stine,  the  right  sac  on  its  dorsal  side.  The  walls  of  ti 
t  wo  sues  become  applied  together,  and  form  a  circular  iikk 
t«*rv.  The  peritoneal  sac  of  the  aboral  side  sends  a  p 
(M'ss  into  the  hinder  end  of  the  body,  which  has  begun 
('Ion (rate,  in  order  to  give  rise  to  the  stem  of  the  Pcntacrin 
form. 

The  thinl,  or  ventral,  diverticulum  is  shut  off  from  1 
aliuKMitary  canal  much  later  than  the  other  two.  It  gn 
round  the  mouth,  and  gives  rise  to  the  circular  ambulic 
Vf»ss<»l,  whence  the  tentacular  canals  are  gfiven  off. 

Ton  plates,  each  consisting  of  a  calcareous  network,  a 
nrranpcod  in  two  rows  of  five  each,  next  appear  in  the  » 
stance  of  the  Ek;hinopsedium  around  the  alimentary  cai 
From  the  centre  of  the  posterior  row,  eight  calcareous  lii 
rxt(»n(l  throiipfh  the  length  of  the  body  of  the  lar\'a,  inclosi 
thr  backwanl  prolongation  of  the  aboral  peritoneal  sac  ;  i 
the  series  tenninates  by  a  broad,  discoidal  network,  which  1 
on  one  side  of  the  posterior  end  of  the  larva.  This  discoi 
plate  is  that  which  occupies  the  attached  end  of  the  stem 
tlie  future  Crinoid  ;  the  rings  become  the  aten}^  and  thet 
circles  of  plates  the  basal  and  oral  ossioula  of  the  calyx, 
apectively.  As  tlie  stem  elongates,  new  rings  {articuli)  \ 
addiMJ  at  the  junction  of  the  stem  with  the  calyx. 

TIh»  larva  now  fixes  itself  by  the  discoidal  end  of  its  sta 
which  becomes  relatively  longer  and  narrower  ;  while  t 
part  of  the  Ivuly  which  contains  the  basal  and  oral  plates,  a 
is  to  be  converted  into  the  calvx,  remains  thick  and  she 
Its  broad  end  beoomes  five-lobed,  each  lobe  answering  to 
oral  plate.  These  plates  separate  like  the  petals  of  a  flow 
bud,  and  discover,  in  the  centre,  the  wide,  permanent  o 
a]>erture.  Between  the  margins  of  this  and  the  oral  plat 
ten taculi form  pedicels,  at  first  only  five,  but  eventually  \ 
ranjTcd  in  groups  of  three,  between  every  pair  of  oral  plat 
make  tlieir  appearance. 

Tlie  alimcntarv  cavitv  is  still  a  mere  sac,  without  intesti 
or  anus. 

Five  radial  plates  next  appear  in  the  wall  of  the  calyx,  I 
tweon  the  basal  and  the  oral  plates,  and  alternating  with  bot 
and,  in  correspondence  with  them,  the  arms  grow  out  as  ra 
idly-elongating  processes,  in  which  the  other  radials  are  si 
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.   cessively  developed.     The  entire  zone  of  the  calyx,  which  is 
occupied  by  the  origins  of  the  arms,  at  the  same  time  widens, 
p.  80  that  the  oral  plates,  which  remain  round  the  mouth,  and 
^.  the  basal  plates,  which  encircle  the  stem,  become  widely  sep- 
,  -  arated.     The  intestine  grows  out  as  a  diverticulum  of  the 
„r  alimentary  cavity,  and  opens  on  an  interradial  elevation  of  the 
"g  calyx,  in  which  an  anal  plate  is  developed.     The  young  Echi- 
^  noderm  has  now  passed  into  the  stalked  Pentacrinoid  stage. 
7^         In  Comatulay  the  oral  and  anal  plates  disappear  altogether, 
and  the  basals,  coalescing  into  the  rosette,  are  hidden  by 
the  first  radials,  on  the  one  band,  and  the  centro-dorsal  tuber- 
'*   de,  which  represents  coalesced  joints  of  the  stem,  on  the 
other.     The  arms  bifurcate  and  acquire  their  pinnules ;  and 
^    the  calyx,  with  its  appendages,  eventually  becomes  detached 
'    from  its  stem  as  a  free  Comatula,     In  the  existing  stalked 
\    CrinoidS)  such  as  PentacrtnuSj  on  the  other  hand,  the  seg- 
ments of  the  stem  acquire  whorls  of  cirri,  at  intervals,  and  no 
such  modiBcation  of  the  uppermost  segments  into  a  centre* 
dorsal  tubercle  takes  place. 

On  comparing  the  facts  of  structure  and  development 
which  have  now  been  ascertained  in  the  five  existing  groups 
of  the  Echinodermata^  it  is  obvious  that  they  are  modifications 
of  one  fundamental  plan.  The  segmented  vitellus  gives  rise 
to  a  ciliated  morula,  and  this,  by  a  process  of  invagination,  is 
converted -into  a  gastrula,  the  blastopore  of  which  usually  be- 
comes the  anus.  A  mouth  and  gullet  are  added,  as  new  for- 
mations, by  invagination  of  the  epiblast.  The  embryo  normally 
becomes  a  free  Echinopaedium,  which  has  a  complete  alimen- 
tary canal,  and  is  bilaterally  symmetrical.  The  cilia  of  its 
ectoderm  dispose  themselves,  in  one  or  more  bands,  which 
surround  the  body  ;  and,  while  retaining  a  bilateral  sym- 
metry, become  variously  modified.  In  the  Holothuridea^  As- 
terideOy  and  Crinoideay  the  larva  is  vermiform,  and  has  no 
skeleton ;  in  the  Echinidea  and  the  Ophiuridea  it  becomes 
pluteiform,  and  develops  a  special  spicular  skeleton. 

If  an  Echinopaedium  were  to  attain  reproductive  organs, 
and  reproduce  its  kind,  I  think  that  it  cannot  be  doubted  that 
its  nearest  allies  would  be  found  among  the  IhArbellaria^  the 
Jiotiferay  the  Oephyrea^  and  the  Enteropneusta.^     But  that 

i  In  a  report  upon  the  "  ResearchoB  of  Prof.  MMler  into  the  Anatomy  and 
Development  of  the  Echinoderma,"  published  in  the  AnndU  of  Natural  Hi*" 
tory  for  July,  1851, 1  drew  attention  to  the  affinities  of  the  Echinoderms  with 
tile  Worms ;  and  la  a  paper  on  Ladnularia  aodality  read  before  the  Micro- 

2% 
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which  characterizes  the  ^Jchinodertnata  is  the  fact  tint  Ik 
alimentary  canal  of  the  fichinopsedium  gives  rise  to  tn» 
tirroctole,  which  a^ain  is  subdivided  into  two  sjstems  of  oi' 
itios,  ono  ambulacral  and  the  other  peritoneal,  ^mi  thatAi 
iiK'sohlast  becomes  modified  in  acoordanee  with  the  anu^ 
meiit  of  these  systems.     The  enteroccele  may  be  fcvmed  b 
one  diverticulum  or  by  three.     In  the  former  case,  the  ifli 
formed  becomes  subdivided  into  three,  of  which  onctsiBte* 
rior,  and  two  lateral,  as  in  the  hitter  case.     The  latenldh 
verticula  ^ive  rise  to  the  peritoneal   cavity  and  its  lining; 
the  medium  diverticulum  is  converted  into  the  circular  ambs- 
lacral  vessel  and  its  dependencies ;  and  it  is  in  cousequem 
of  the  radiatincr  disposition  of  the  latter,  and  of  the  nerra 
and  muscles  which  are  related  to  it,  that  the  EIchiDoderm  poi* 
sesses  so  much  radial  symmetry  as  it  displavs.     It  is  dinr, 
therefore,  that  the  radial  symmetry  of  the  E^cblnoderm  lesahi 


(usiiiii:  that  tt*rm  in  its  wid(»st  sense),  in  the  same  sense  as  tb^ 
apparently  rjulijite  Coronuia  is  a  modified  Arthropod. 

Ilaeckol  ^oes  furtlier  than  this,  and  supposes  that  eachrty 
of  a  Star-iish  or  Opliiurid,  for  example,  represents  a  Wonn, 
and  that  the  Kchiuodenn  consists  of  coalesced  vermifunn 
buds,  dcvol()])ed  in  th(?  interior  of  the  Echinopaediuro.  I 
must  confess  my  inability  to  see  that  this  hypothesis  is  sup- 
ported by  valid  reasons.  On  the  contrary,  the  more  closely 
one  compares  the  structure  of  the  ray  of  an  Echinoderm  with 
the  body  of  any  known  Annelid,  the  more  difficult  does  it  ap" 
pear  to  nie  to  be  to  find  any  real  likeness  between  the  two. 

In  order  to  find  any  analogy  for  the  pn>duction  of  the 
Keliinodenn  within  the  Echinopaedium,  on  the  contrary,  it  ap- 
])ears  to  mo  that  wo  must  look  to  the  lower,  and  not  to  the 
iiigher,  morphological  types.  Among  the  ITydrozoa^  nothing 
is  commoner  than  the  distribution  of  the  functions  of  life  be- 
tween two  distinct  zooids,  one  of  which  alone  develops  repro- 
ductive organs.     h\  the  former — the  hydranth — radial  sym- 


Whtiu  they  wcro  published,  those  who  did  not  ignore  these  views,  ridiculed 
them.  Noverthcless,  thouifh  somewhat  crudelv  expressed,  I  think  it  will  be 
admitted  that  they  have  been  substantially  justified  by  the  progress  of  knowl- 
edge during  the  uist  ouortor  of  ft  century. 
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metry  is  often  hardly  discernible  (e.g.,  C(ilycophoridoe\\  in  the 
latter — the  inedusoid — it  is  very  marked,  and  especially  char- 
acterizes the  arrangement  of  the  gastro-yascular  canals,  which 
are  offshoots  of  the  alimentary  cavity,  and,  if  they  became 
shut  oflf  therefrom,  would  answer  to  the  enterocoele  of  the 
Echinoderm. 

Suppose  that,  from  a  hydranth  such  as  that  of  a  Diphyes^ 
a  medusoid  were  developed,  and  that,  instead  of  projecting 
from  the  exterior  of  the  body,  it  remained  hypodermic,  spread- 
ing out  between  the  ectoderm  and  the  endoderm  of  the  hy- 
droid,  and  consequently  superinducing  a  very  marked  radial 
symmetry  upon  it.  The  resulting  form  would  give  us  a 
Ccelenterate  which  would  be  a  close  analogue  of  an  Echino- 
derm. 

In  a  certain  sense,  an  Actinozoon  may  be  fairly  regarded 
as  such  a  combination  of  a  hydroid  with  its  medusoid ;  and, 
hence,  it  must  be  conceded  that  the  parallel  between  the  gas- 
tro-yascular system  of  the  Ctenophora  and  the  ambulacral 
system  of  the  Elchinoderms,  instituted  by  the  elder  Agassiz, 
was  well  worthy  of  consideration.  Shut  off  the  gastro-vascu- 
lar  canals  of  a  Cydippe  from  the  alimentary  canal,  and  they 
become  an  enterocoele,  of  which  the  prolongations  along  the 
stomach  may  be  compared  with  the  peritoneal  sacs,  and  those 
beneath  the  paddles  with  the  ambulacral  vessels  of  the  Ekshino- 
derm. 

But  there  is  a  long  step  between  the  admission  of  the  force 
of  these  analogies,  and  the  conclusion  that  the  £k$hinoderms 
and  the  Coelenterata  are  so  closely  allied  as  to  be  properly 
associated  in  one  natural  assemblage  of  *^  Radiate  "  animals. 
On  the  contrary,  the  Echinoderm,  by  its  Echinoptediiun  stage, 
shows  an  advance  in  organization  far  beyond  anything  known 
Id  the  Coelenterata  ;  and  in  the  highly-characteristic  mode  of 
development  of  its  enterocoele  (the  elucidation  of  which  in 
the  *^  Star-fishes,"  by  Prof.  A.  Agassiz,  is  the  most  important 
advance  in  our  knowledge  of  the  Echinoderms  made  since 
the  time  of  Muller),  the  Echinoderm  agrees  with  the  higher, 
and  not  with  the  lower,  Metazocu 

JSkhinodermata  abound  in  the  fossil  state.  Calcareous 
plates,  referred  to  the  JBolothurideaj  occur  in  the  Me3ozoio 
rocks,  but  are  not  known  earlier.  The  Star-fishes  are  met 
with  in  the  older  Palseozoio  strata,  under  forms  very  similar 
to  some  of  those  which  now  exist.  The  Echinidea  abound 
from  the  Upper  Silurian  (PaikBchinua)  onward.     The  Palaso- 
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f»rr.».*  aw  spherical,  and  have  multiple  intenmboj 
i  Mmple  ambulacra.     ^A^hinidea  of  the  modem 
:  :^o  Mosozoic  strata — the  .Echinoida  firet,  wlui 
\.i  Aiid  Ciypeastroida  are  of  later  date.  This 
'.  ^v  AAiriH**  with  the  embrronic  derelopment  o 
,  v.::^  which  are  more  ncarlj  spherical  wheo j 

.   -A,  t  abound  in  the  Pakeozoic  and  older  1 

,-*  :-.A::y  viimiDishing  in   number  in  later  f 

•-x      .  :^  >:   jy war  to  have  all  been  stalked,  »i 

..V    ,>-,>  A*-v  whollv  extinct,   and   are  unkooi 
.:..:i   :ht.'  Carboniferous   formation.     Thes 
s.     ...     ...   j^ ->. ■**•-.  rf\.A  J,  and  the  JBlaatoidta, 

X  ^. . . ..,  ^  .   :  I  -.iioir  general  characters  the  Cyi 

-     IV*-   ;-v   .>.::oics,    ^  Crypiocrinus^  the  sin 

•     —;....  7»;is<<:>cs,-s  i  oa'.yx  supported  on  a  sten 

•1:    MA.      \  TV.-  y^i^zb^Tsaiia^  and  fire  rad 

...    ftTK  riursf     *   *:-rrvimded    by  a   cone  of 

^  .»'  :rt    :'y"7'.v.    -.      I'h*  antambulacral  surfac 

.    X       .  - ' .  >r  ^rr>.  rrs-s:-c: :::  v.*ther«renera,  and  some 

•V-     —  .rv.Ar.y  .•.--,.  ..■^>i?<#K-  sometimes  dis] 

^     \   •  —      •  ..   :  wr.  ■;  >.'c*.e:ixae5  they  take  the 

>:■  C  .'.  ■.:.  •■  vi.r.r.Ated  rhombs."     The 

-.*'..•>..'?  rtviirreti  and   closely  ar 

.  \  >  •--.    y:rir.v.*.e<,  i^hioh.  in  consequen 

'    .  ■:  ^  :  ::  :^  Ar.vs,  won?  sometimes  sessi 

.      .    .       I      :    .*   s:\v:is  w::h  rtvurved   arms«  the  I 

.,  » .     ,'   <i—:-.:l  ,-rs.     Thor^Ms  an  aperture  plac 

V  '.■   ,./»\  .s:    :r.o  ;vinx  of  oonverg-ence  oi 

.     -      .  •    ^' -^l".  v""-*  oi:  one  side  of  this  ;  and,  t 

^   ,*     .^-*  y\ra:v:A.     The  tirst  of   these   is 

>     V .,  .  .    V     i'*  '.  ^-i'  :v..^*.::h.  :he  sooond  as  the  anus 

■  \  ».     '    '  \%. •.:',*.,  ov  ::::s  iniorprotalion,  differ  froi 
*    :    .  .  •    \  .*\svrr  xho  2r*fri.Hw^r/'/ff    and  1 

.    xv  •  ..<■  v';:f.v:  K^ng  sinclo  :  but  arounc 
.     .^  .   ..   \*  ■•.w  is»r\'x  .irt*  soon,  in  some  species  at  L 
'  !  .  I    *  ^v .'  .  fcl  (\;iu'tuni  has  Ixvn  ascribed.     In  any  4 
•,oo..t%    v%o;:la  Ai^iv.Ar  to  oouio  very  close  to  the 

■  •  • « 

^W^  Ki.MkiOA»iKKU>A.  —  This  group  contains  several  gei 
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--.  of  extinct  Echinoderms  {Edriocister^  AgelacriniteSy  Hemicys- 
^^  tites)y  which,  in  general  form,  somewhat  resemble  what  the 
^  Asterid  Goniaster  would  be  if  its  angles  were  rounded  off. 
^.  Like  the  Cystidea^  they  possess  an  interambulacral  pyramid^ 
but  they  differ  from  them  in  that  they  have  ambulacra  per- 
forated by  canals  which  open  directly  into  the  cavity  of  the 
calyx,  and  that  they  possess  no  arms.  The  JSdrioaaterida 
have  no  stem,  but  seem  to  have  been  attached  by  the  abo- 
ral  face  of  the  body. 


tr 
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The  Blastoidea. — In  PentremUes^  the  representative  of 

this  order,  the   ambulacral    and   antambulaoral  regions  are 

'    nearly  on   an  equality:    the  body  is  prismatic  or  subcylin- 

'    dricaL     The  pedunculated  oalyx  is  composed  of  three  basal 

^     plates,  two  of  whioh  are  double.     Th^  aboral  plates  receive 

in  their  intervals  five  plates  deeply  cleft  above.    In  the  clefts 

lie  the  apices  of  the  ambulacra,  the  oral  portions  of  which  are 

included  between  the  five  deltoid   interradial  pieces  which 

surround  the  mouth.     The  cleft  plates  are  not  radials,  but 

gortions  of  the  perisomatic  skeleton  of  the  aboral  region, 
urrounding  the  central,  probably  oral,  aperture,  are  four 
double  pores,  and  a  fifth  divided  into  three.  The  median  of 
these  three  seems  to  be  anal,  the  others  and  the  paired  pores 
being  genital.  Each  ambulacrum  is  lanceolate  in  form,  and 
presents  superficially  a  double  row  of  ossicles,  which  meet  in 
the  middle  line  and  support  pinnules  at  their  outer  extremi- 
ties ;  beneath  them  lies  a  single  plate,  perhaps  the  homologue 
of  the  vertebral  ossicles  in  the  Ophiuridea  ;  beneath  it  again 
are  parallel  canals,  the  nature  of  which  is  unknown. 


CEl    PER  X- 


TItK  TTMCATA   OB 

.    This  rvmarlLsble  and,         laov  respects,  isolAled  groii] 
mariiio  animals  contains  Hmplc  and  composilc,  ^xed 

free,  oi^aniams.     Nond'         •••>  a  ler^^  of  more  than  m 
inches,  and  some  arc  minuu     nd  almost  mJCTDetxtpio. 

The  simplest  members  o\  :lie  group,  and  those  the  stv 
ure  of  whioL  is  tuost  readily  comprebeiisiblc,  arc  the  Aju 
dieularifE  ;  minute  pelagic  org^anisms,  whicb  are  found  io 
latitudes,  and  are  propelled,  like  tadpoles,  by  the  flappini 
a  long  (.-uudal  up]iondage  at  ihe  surlace  of  the  sen. 

AppentUcularia  finbeilum  {Fig.  147)  has  an  ovoid  or  fli 
shaped  body  {A),  one-sixth  to  one-fourth  of  an  inch  ia  lenj 
The  appendage  {S)  is  from  three  to  four  times  aa  long  as 
body,  to  one  face  of  which  it  is  attached  near,  but  not  at, 
posterior  extremity.  It  is  flattened,  and  is  supported  b 
firm  central  axis,  which  may  be  termed  the  urocAord  (I 
147,  / ).  The  (greater  part  of  the  body  is  usually  invested 
a  structureless  gelatinous  substance,  but,  on  its  rouni 
hinder  extremity,  this  ceases  to  be  distinguishable  from 
eclodcrm. 

On  the  eatidal  appf  ndage  the  polygonal  contours  of 
cells  of  which  the  ectoderm  is  composed  are  plainly  disce 
ibie. 

The  mouth  lias  an  overhanging  lip.  It  leads  into  a  la] 
pharyngeal  sac,  the  waits  of  which  are  formed  by  the  em 
derm.  Posteriorly  this  sac  narrows  into  the  cesophag 
which  bends  toward  the  h:emal  side  of  the  body,  and  tl 
opens  into  a  spacious  slomach,  which  takes  a  transverse  dir 
tion,  and  is  divided  into  two  lobes,  a  right  and  a  left. 

From  the  left  lobe  the  intestine  arises,  and,  bending 
ward,  turns  abruptly  forward  in  the  middle  line,  where 
terminates  midway  between  the  oral  aperture  a-nd  the  stt& 
ment  of  the  caudd  appendage.    The  intestine,  therefore,  I 
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a  fasemal  flexure.  In  the  middle  of  its  hsemal  aspect  the  en- 
doderm  of  the  pharyngeal  cavity  is  raised  into  a  fold,  which 
projects  into  the  blood-cavity  contained  between  the  endo- 
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L  The  nitln  uimil,  wlUi  Iheeiadsl 
rnrwinl. 

n.  aid*  licv  of  (ha  bodr,  w[tb  Iha  andal  ippendiec  forelbiT  bent  twckmrd. 

A^  tlia  body;  B^  Uib  cagdftl  appendage;  d,  oral  apertara:  b,  the  pharyoz;  f,  an 
ktrtal  opening;  d.  ihe  coireipODillng  ettema.  wltti  Ita  cilia;  t.  «ddi; /,  recmm  ; 
(T,  mophacna ;  t,  i,  itomach  ;  k,  mlla ;  /.  aiochonl ;  rn.  cellnlar  patcb  *t  Urn 
■Ide ur^me  ona  end  or  tbe  bodr- n,  endoityle;  p.  EanKlIon  ;  q,  ciliated  sac;  r, 
otocTit ;  i^  poeterior  nene  nllh  Ui  ganglia.  ( ;  en,  acdnderm  ;  ae,  cstoderm. 

derm  and  ectoderm.  The  walls  of  the  bottom  of  the  fold  are 
thicker  than  the  rest,  so  that,  viewed  sideways,  it  has  the 
aspect  of  a  hollow  cylinder.  This  is  the  tndoatyk.'  (Fig. 
147,  n.) 

■  So  described  and  nunad  In  my  "  Obeervationa  upon  the  AnBloim-  and 
PhTBioIogj'  or  Salpa  and  PvroBoma,  togetheT  with  Rcmarbe  upon  Doliolum 
■nd  AppendlenUnft."  ("Phil.  Trana.,"  1861.)  In  186S,  however,  I  stat«d-. 
"  With  regard  to  the  endoBtyle,  I  have  nothing  important  to  add  to  mj  pre- 
viouB  account,  eiccpl  that  I  believe  it  to  bo  here,  as  in  other  Aiciiliaiie,  the 
optical  expreeaion  of  the  thiokened  bottom  of  a  fold  or  ffroovo  of  the  branchial 
---"    "■       ■    •     '  ■    -  "-  ■    "■■-(,  April,  1856.)    In  my  memoir 

I  cndOBtf  le  is  atated  to  be  "in 
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The  endodenn  of  the  phujvx 
especially  large  over  a  nanow  taM 
which  encicelea  tiie  oral  apertase  at 
end  of  the  endostyle,  and  is  cootia 
tyju^eetl  b€mdj  aloo^  the  middle  of  the 
pba^nx  to  the  oesophageal  opening; 

On  esch  aide  of  the  endostyle,  die  paatasiBr  part  of  tti 
haemal  wall  of  the  phaiynz  presoits  two  oval  apotam  m 
siijmaia  (Fig.  147,  dy,  encoded  bj  edla,  ■hiiifc  aie  pnifiU 
with  yerj  long  and  active  eilia.  Eseh  at%iBs  leaoi  into  a 
funnel-shaped  astrkd  canai^  the  opa&  end  nf  whid&  tenumtet 
beside  the  rectnm.'     (Fig.  147,  e,) 

The  heart  is  a  large  sac,  irtiich  exhibits  mpid  pmitsliir 
contractions,  and  is  placed  transversdlj  hetweea  the  tvo 
lobes  of  the  atomaeh..  In  the  species  which  I  ohattted  at 
blood-corpuscles  oonld  be  seen,  and  the  direction  cf  the  pst 
aations  of  the  heart  was  not  reversed  at  BBterrala^  as  it  is  ii 
the  Ascidiaos  in  generaL  M.  Fol,*  however,  statea  that,  ii 
other  AppendictiluriaSj  the  reversal  of  the  contractions  of  the 
heart  takes  place.  Like  myself^  he  has  been  unable  to  db- 
cover  any  blood-corpuscles.  There  are  no  distinct  vesseb, 
but  the  colorless  fluid  which  takes  the  place  of  blood  makes 
its  way  through  the  interspaces  between  the  ectoderm  and 
endodenn  and  the  various  viscera. 

The  nervous  system  consists  of  a  ganglion  (Fig,  147,  p) 
situated  nearly  opposite  the  anterior  end  of  the  endostvle ; 
in  front,  this  gives  off  the  nerves  to  the  sides  of  the  month, 
while,  behind,  it  is  continued  into  a  long  cord  («),  which  rans 
back  beside  the  oesophagus,  and  between  the  lobes  of  the 
stomach,  to  the  base  of  the  appendage.  It  then  passes  along 
one  side  of  the  urochord  to  its  extremity,  giving  off  nerves 
at  intervals.  At  the  origins  of  these  nerves  aggr^rations  of 
ganglionic  cells  are  situated.  (Fig.  147,  t)  The  most  an- 
terior of  these  ganglia  is  the  largest.* 

reality  a  longitudinal  fold  or  diverticulum  of  the  middle  of  the  hiemal  wall  <^ 
the  pharynx,  which  projects  an  a  vertical  ridge  into  the  hiemal  ainua,  but  re- 

Those  stifl 
Organisati 

^..w    supposed    .....   ...«,.     «^u..uuu.w«v»v*    .T..U  VMMHO  W    VUV   •U««U1VI    UI     MiO    OUUJ, 

Hoirovor,  by  feeding  Apptndieularia  with  indigo,  I  demonstrated  Uie  oommo- 
nicatlon  of  those  stigmatio  fhnnels  with  the  exterior  of  the  body.  {QturUrif 
Journal  of  Microscopical  Science.  I.  c) 

*  "  Etudos  sur  les  Appendioulaires,"  1872. 

*  Quarterly  Journal  of  Jiieroeoopieal  Science^  1856,  pp.  8,  9.  Bf.  Fol,  who 
indi  the  same  arrangement  in  other  Appcndicularim^  counts  this  as  the  eeoond 
ganglion  of  the  nervous  system,  and  states  that  a  fine  oanal  traversea  both  tlM 
gaqglia  and  the  longitudinal  nerve. 
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A  rounded  octocyst  containing  a  spherical  otolith  is  at- 
tached to  the  ganglion,  and  a  small  ciliated  sac,  which  opens 
into  the  pharynx,  is  in  close  relation  with  it  (Fig.  147,  r,  q), 
M.  Fol  describes  a  number  of  fine  tactile  setae  situated  around 
the  oral  aperture. 

The  urochord,  which  constitutes  the  axial  skeleton  of  the 
appendage,  b  transparent,  rounded  at  each  end,  and  bounded 
by  a  delicate  membrane.  The  remains  of  the  cells  of  which 
it  is  composed  are  to  be  seen  in  it,  here  and  there,  as  ramified 
corpuscles  lodged  in  its  periphery. 

The  only  muscles  hitherto  observed  in  Appendiculariai 
are  two  sheets  of  striped  fibres  interposed  between  the  uro- 
chord and  the  cellular  ectoderm  of  the  appendage. 

The  reproductive  organs  occupy  the  rounded  projection 
formed  by  the  posterior  part  of  the  body  behind  the  digestive 
canal.  The  testis  (Fig.  147,  k)  is  a  large  cellular  mass  which 
fills  the  greater  part  of  the  cavity  of  this  projection  in  the 
adult.     When  fully  formed,  it  is  resolved  into  spermatozoa 

with  rod-like  heads  about  y^Vrr  ^^  ^^  ^^^^  ^o^g  &^<^  ^^^J  ^^^ 
filiform  tails.     They  escape  by  the  dehiscence  of  the  testis. 

I  have  never  met  with  AppendictUaricB  containing  ova, 
nor  do  any  other  observers,  except  M.  Fol,  appear  to  have 
been  more  fortunate.  The  latter,  however,  states  that  these 
animals  are  hermaphrodite  ( Oikopleura  dioica  apparently  is 
dioecious),  and  that  the  ovary  is  developed  later  than  the 
testis.^  • 

Two  singular  rounded  patches  of  a  cellular  structure  (Fig. 
147,  II.  m)  are  interposed  between  the  ectoderm  and  the  en- 
doderm  on  each  side  of  the  anterior  end  of  the  endostyle. 
Similar  bodies  occur  in  other  Ascidians,  but  their  function  is 
unknown. 

One  of  the  strangest  peculiarities  of  the  Appendicularim 
is  the  power  which  they  possess  of  excreting  from  the  surface 
of  the  ectoderm,  with  extreme  rapidity,  a  mucilaginous  cu- 
tioular  investment,  in  the  interior  of  which,  as  in  a  spacious 
case,  the  whole  body  is  lodged.  This  is  what  was  originally 
described  by  Mertens  as  the  ^^  house  "  of  the  Appendicularia, 

*  I  must  confess  that  M.  Fol's  fl^rtires  and  descriptions  of  the  ovary  and  ova 
are  not  satisfactory  to  me,  and  his  dismissal  of  the  subject  of  their  development 
in  the  following  paran^pn  is  tantalizin<i^ : 

**  Lc  d^veloppcmont,  oue  j'ai  pu  sui\Te  jusqu'k  la  formation  de  la  larve,  ne 
me  parut  diff^^rer  en  rien  de  celui  des  Ascidies ;  et  comme  d'autre  part  la  peti- 
tesse  de  ces  oeufis  et  la  difficult^  qa'on  a  de  les  obtenir  les  rendent  pea  favo- 
rables  k  I'^tude,  je  n'ai  pas  jog^  k  propos  d'approfondir  davantage  oe  si;get." 
(/.  «.,  p.  1.) 
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It  is  obviouslj  the  homologue  of  the  test  of  other  Asoidiuii^ 
which  is  often  adherent  to  the  ectoderm  by  only  two  or  three 
points ;  but  no  cellulose  has  been  discovered  in  it^  Aoeord- 
ing  to  M.  Fo],  who  has  studied  the  formation  of  the  ^  bouse  " 
with  ffreat  care,  the  AppendicularicB  have  no  proper  test,  and 
what  1  have  described  as  the  structureless  gelatinous  invest- 
ment of  the  anterior  part  of  the  body  is  the  oommencement 
of  the  ''house."  It  increases,  assumes  a  peculiar  fibrous 
structure,  and  in  the  course  of  an  hour,  in  a  vigorous  animal, 
it  is  separated  as  an  envelope  in  which  the  whole  body  is 
capable  of  free  movement.  In  front,  it  presents  two  funnel- 
shaped  apertures  supported  by  a  fibrous  trellis-woric,  which 
lead  down  to  the  cavity  in  which  the  body  is  contained.  A 
spacious  median  chamber  allows  of  the  free  motion  of  the  tail 
After  a  few  hours  the  animal  deserts  its  test  and  forms  an- 
other. 

In  the  great  majority  of  those  Tunicata  which  are  fixed 
in  the  adult  state,  the  young  leave  the  egg  in  an  active  lar- 
val condition,  and  resemble  Appendicularia  in  being  pro- 
pelled by  a  muscular  appendage  in  the  axis  of  which  lies  an 
urochord.  The  body  and  appendage,  however,  are  invested  by 
a  coat,  or  test^  impregnated  with  cellulose,  and  the  former 
presents  some  important  structural  differences  from  that  of 
Appendicularia.  After  a  free  existence  of  a  certain  dura- 
tion, the  body  of  the  larva  fixes  itself,  the  appendage  withers 
away,  and  the  young  animal  assumes  the  ordinary  form  of  a 
fixed  Ascidian.  It  may  remain  simple,  or  it  may  develop 
buds  and  give  rise  to  a  compound  organism  or  Ascidiarium^ 
consisting  of  many  Ascidiozooids  united  together. 

All  the  fixed  Tunicates  present  two,  more  or  less  closely 
approximated,  apertures :  one,  oraly  leads  into  the  alimentary 
cavity ;  the  other,  atrial^  opens  into  a  chamber,  the  <Urium^ 
into  which  the  faeces  and  genital  products  are  poured.  During 
life,  when  these  apertures  are  open,  a  current  sets  into  the 
oral  and  out  of  the  atrial  opening.  But  if  the  animal  is  irri- 
tated, the  sudden  contraction  of  the  muscular  walls  of  its 
body  causes  the  water  contained  in  the  brachial  and  atrial 
cavities  to  squirt  out  in  two  jets,  while  both  apertures  are 
speedily  closed. 

The  apertures  are  much  farther  apart  in  some  forms  than 
in  others,  and  in  certain  of  the  BotryUidm  they  are  almost 
terminal.  In  the  pelagic  genera  Jh/rosoma  (Big.  150),  DoHo* 
hun  (Fig.  151),  and  Stupa  (Fig.  158),  the  atnal  and  <nBl  aper- 
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tures  are  at  opposite  ends  of  the  longest  diameter  of  the 
body ;  and,  in  the  two  latter,  looomotion  is  effected  by  the 
contraction  of  transverse  muscular  bands,  which  drives  the 


no.  t48.—naUiitta  nunf ufi.— The  teat : 


laDjiltiidlD*)  aectloD:  • 


;  e,  circlet  of  teruclca ;  d.  bmnctiial  nac-thc  ..... 
part  ladLcatfl,  but  doDot  TflpreaeTiU  tbe  BtlirmatA: 
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/,  Um  itrltl  Rpinote ;  m,  the  endntf  le ; 


<llne ;  I,  Ibe  aniu ;  t,  (be  atrlBiii; 


water  out  of  the  one  aperture  or  the  other,  and  causes  the 
body  to  be  propelled  in  the  opposite  direction. 

When  one  of  the  simple  fixed  Ascidiaas,  Euch  as  a  I^tal- 
Ui$i9  (Fig.  148)  or  a  CyrUliia,  is  laid  open  by  a  seotioD  oar- 
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ried  through  the  oral  opening,  at  right  angles  to  a  transYene 
plane  passing  through  its  centre,  the  moutn  is  found  to  open 
into  a  large  pharyngeal  dilatation,  termed  the  broHchiai  sae 
(Fig.  148,  d).  A  series  of  simple  or  pinnatifid  tentacles  (Fig. 
148,  c)  is  seen  encircling  the  oral  aperture  at  some  little  dis- 
tance within  the  margin  of  the  lip,  which  is  usually  divided, 
like  that  of  the  atrial  opening,  into  four  or  six  lobes.  Imme- 
diately behind  the  tentacular  circlet  is  a  ciliated  pharyngeal 
band. 

On  that  side  of  the  branchial  cavity  which  is  farthest  away 
from  the  atrial  opening,  a  pair  of  delicate  lip-like  folds  ex- 
tend, parallel  with  one  another,  from  the  peripharyngeal  band 
along  the  middle  line  of  the  branchial  sac  as  far  as  the  open- 
ing of  the  cesophagus  at  the  opposite  end  of  the  branchial 
sac.  The  interspace  between  these  leads  into  a  fold  of  the 
endoderm,  lined  by  a  thick  epithelium  and  forming  the  endo- 
style,  and,  in  the  middle  line  of  the  peripharyngeal  bandy  on 
the  same  side  as  the  atrial  aperture,  there  is  a  tubercular  ele- 
vation, which  contains  a  ciliated  cavity,  and  answers  to  the 
ciliated  sac  of  Appendicidaria.  The  walls  of  this  sac  are  va- 
riously folded,  and,  consequently,  the  surface  of  the  tubercle 
presents  a  more  or  less  complicated  pattern.  Continued  back- 
ward in  the  middle  line  as  far  as  the  cesophageal  aperture  on 
this  side  of  the  branchial  sac,  there  are  sometimes  one,  some- 
times two,  longitudinal  lamellae — the  hf/popharyngeal  /bids  ; 
or  there  may  be  merely  a  ridge  surmounted  by  a  series  of  ten- 
tacles, termed  languets  (Fig.  148,  e).  The  languet  which  is 
nearest  the  ciliated  sac  is  often  the  largest  of  the  series.  Be- 
hind the  peripharyngeal  band,  the  lateral  walls  of  the  pharyn- 
geal, or  branchial,  sac  are  perforated  by  small  elongated  ap- 
ertures— the  stigmata — ^the  edges  of  which  are  fringed  with 
long  cilia  ;  and,  by  means  of  these  apertures,  the  cavity  of 
the  sac  communicates  with  the  atrium. 

The  stigmata  are  arranged  in  transverse  rowsj  and  are 
usually  very  numerous.  The  reticulated  wall  of  the  branchial 
sac  may  be  strengthened  by  longitudinal  lamellae,  or  it  may 
be  raised  into  few  and  distant,  or  many  and  dose-set,  folds. 
In  some  cases  papillae  of  a  complicated  form  are  developed 
from  the  inner  surface  of  the  sac,  and  its  outer  wall  is  always 
connected  by  vascular  trabeculae  with  the  parietal  wall  of  the 
atrium.  In  some  cases  (Molgula)^  the  stigmata,  instead  of 
bein^  elongated  meshes,  are  coiled  spirally.  The  atrial  cham- 
ber (Fig.  148,  A;),  into  which  the  branchial  stigmata  open,  is 
shown  by  laying  it  open  from  the  atrial  aperture,  in  the  same 
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way  as  the  branchial  chamber  was  laid  open  from  the  oral  ap- 
erture. The  atrial  opening  is  thus  seen  to  lead  into  a  cavity, 
interposed  between  the  branchial  sac  and  the  parietes  and 
lined  upon  all  sides  by  a  delicate  membrane  (the  third  tunic 
of  Milne-Edwards)  like  a  peritoneum,  lliis  membrane  has  a 
parietal  and  a  visceral  layer.  The  former  is  continued  from 
the  atrial  aperture  on  to  the  parietes  of  the  body  to  the  level 
of  the  peripharyngeal  band  in  one  direction,  to  a  line  parallel 
with  the  endostyle  in  another,  and  to  the  alimentary  and 
genital  viscera  in  a  third  direction.  From  these  various  lines 
it  is  reflected  on  the  branchial  sac,  of  which  it  forms  the  outer 
wall.  At  the  margins  of  the  stigmata  it  is  continuous  with 
the  endoderm  of  the  pharynx,  and,  at  the  aperture  of  the  rec- 
tum, with  the  endoderm  of  the  intestine.  Thus  the  atrial 
membrane  forms  a  bilobed  sac,  one  lobe  extending  on  each 
side  of  the  pharynx,  and  opens  outward  by  the  atrial  aper- 
ture ;  it  communicates  by  the  stigmata  with  the  interior  of 
the  branchial  sac,  and,  by  the  anal  and  genital  openings,  it 
receives  the  faeces  and  genital  products.  The  current  which 
sets  in  at  the  oral  and  out  at  the  atrial  aperture  is  set  in  mo- 
tion by  the  cilia  of  the  stigmata. 

The  atrium  of  the  higher  Ascidians  differs  from  that  of 
Appendiculariaj  not  only  in  extent,  but  in  being  single  and 
not  double ;  and  in  its  single  aperture  being  placed  upon  the 
neural  aspect  of  the  body  close  to  the  ganglion,  while  the 
atrial  funnels  of  Appendictdaria  open  upon  the  hsemal  aspect 
of  the  body.  The  development  of  the  higher  Ihiuicata^  how- 
ever, shows  that  the  peculiarities  of  the  atrium  in  them  are 
of  secondary  origin ;  and  that,  to  begin  with,  there  are  two 
distinct  atria,  as  in  Appendicularia. 

The  oesophageal  aperture  is  usually  surroimded  by  a  raised 
lip,  and  the  short  and  wide  oesophagus  leads  into  a  dilated 
stomach,  whence  a  shorter  or  longer  intestine  proceeds.  The 
alimentary  canal  is  always  bent  upon  itself  in  such  a  manner 
that  the  anus  terminates  on  the  neural  side  of  the  body,  in 
the  atrial  chamber. 

In  Clavelinaj  Amouroiicium^  Didemnuniy  Syntethys^  and 
most  of  the  compound  Ascidians,  the  greater  part  of  the  ali- 
mentary canal  lies  altogether  beyond  the  branchial  sac,  in  a 
backward  prolongation  of  the  body  which  has  been  termed 
the  abdomen^  and  is  often  longer  than  all  the  rest  of  the 
body ;  the  alimentary  canal  forming  a  long  loop,  and  the  di- 
rection of  the  axis  of  the  branchial  sac  being  continued  by 
that  of  the  gullet,  stomach,  and  first  half  of  the  intestine.    In 
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the  BotryUidoB^  however,  the  stomach  is  bent  at  ri^t  angles 
upon  the  gullet,  as  in  Appendieularia ;  the  intestme  almost 
immediately  turns  forward,  and  then,  turning  sharplj  upoo 
itself,  passes  forward  parallel  with  the  hinder  part  of  the 
branchial  sac,  on  one  side  of  which  it  opens  into  the  atrium. 

A  similar  arrangement  obtains  in  J^rcpharGf  but  the 
branchial  sac  extends  backward  for  a  short  distance  on  one 
side  of  the  stomach.  In  the  solitary  Asoidians  the  stomach 
lies  sometimes  alto^ther  behind  the  branchial  sac  (JfWonaid, 
some  JPhcUlusicB) ;  but,  usually,  the  branchial  sac  extends  so 
far  back  that  the  whole  alimentary  canal  lies  on  one,  usuaUy 
the  nght,  side  of  it.  In  PhaUusia  monaehuSj  the  hinder  end 
of  the  branchial  sac  is  recurved,  and  the  oesophageal  opening 
looks  backward  to  the  fundus  of  the  sac,  instead  of  f orwara 
to  the  mouth. 

In  many  Ascidians  a  strong  fold  of  the  endodenn  of  the 
intestine  projects  into  its  interior,  as  in  Lamellibranchs  and 
in  the  Earthworm,  where  such  a  fold  constitutes  the  so-called 
tt/phlosole. 

In  the  pelagic  Tunicates,  Salpa,  Pyrosomay  and  Doltoiamy 
I  found  a  system  of  fine  tubules  *  which  ramify  over  the  in* 
testine  and  are  eventually  gathered  together  into  a  duct  which 
terminates  in  the  stomach.  An  apparatus  of  the  same  nature 
exists  in  PhdHuaia^  Cynthia^  MolgiUa^  Perophora^  BoiryUuBy 
BotrylloideSy  Clavdina,  Aplidum^  and  Bidemnum*  and  I 
have  little  doubt  that  it  is  hepatic  in  its  function.  In  some' 
CynthicBy  however,  there  is  a  follicular  liver  of  the  ordinary 
character,  which  opens  into  the  stomach  by  several  ducts. 

In  some  PhdUusioBy  the  alimentary  canal  is  coated  by  a 
very  peculiar  tissue,  consisting  of  innumerable  spherical  sacs 
containing  a  yellow  concretionary  matter.  In  Molgula  (and 
in  the  Ascidia  vitrea  of  Van  Beneden)  an  oval  sac  containing 
concretions  lies  close  to  the  genital  gland,  on  one  side  of  the 
body.  As  these  concretions  have  been  shown  by  Kupfer'  to 
contain  uric  acid,  the  organ  must  be  regarded  as  renal  in 

'  Savumy  seems  first  to  have  observed  this  oi^n,  as  would  appear  ftom  his 
aooount  of  Diazona  ("  M^moires  sur  les  Animaux  sans  vertibres,"  p.  176),  and 
the  description  of  Plate  12.  Lister  mentions  and  fiffures  it  in Ihvmkara  (^  FML 
Trans.J''  1884).  ^ 

» **  Reports  of  the  British  Association,"  1852.  Hancock,  "  On  the  Anatomy 
and  Physiology  of  the  TVnuxito."  ("  Journal  of  the  Linnnan  Society,"  vol.  ix.) 
The  development  of  these  tubules  fh>m  the  stomach  was  traoed  by  Krohn  in 
PhaUutia^  and  b^  myself  in  J^rasoma, 

*  **  Zur  Entwickelung  der  einfSMhen  Asoidien."  ('*  Arohiv  ftr  IQkr.  Ana- 
tooiie,"  1872.) 
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function.  M.  Lacaze-Duthiers  '  terms  this  sac  an  '^  organ  of 
Bojanus  ; "  but,  as  he  admits,  no  opening  is  discoverable  :  it 
would  probably  be  more  correct,  therefore,  to  regard  it  as 
the  representative  of  the  glandular  part  of  the  organ  of  Bo- 
janus. 

The  heart  is  an  elongated  sac  open  at  each  end,  lodged 
near  the  stomach,  and  close  to  the  hinder  extremity  of  the 
branchial  sac.  After  a  certain  number  of  contractions  in 
one  direction,  it  stops  and  contracts  for  the  same  number  of 
times  in  the  opposite  direction.  The  course  of  the  circula- 
tion is  thus  reversed  with  great  regularity.  The  blood  is  a 
clear  fluid,  containing  colorless  corpuscles. 

Respiration  is  effected  in  the  walls  of  the  branchial  sac 
through  which  the  blood  is  driven.  The  supply  of  aerated 
water  is  kept  up  bv  the  currents  already  mentioned,  which 
subserve  the  ingestion  of  food,  the  respiratory  process,  and 
the  ejection  of  effete  matters,  as  well  as  the  expulsion  of  the 
generative  products.  The  test  in  which  the  body  is  inclosed 
IS  sometimes  closely  adherent  to  the  surface  of  the  ectoderm, 
but  sometimes  is  united  with  it  only  at  the  oral  and  atrial 
apertures,  and  by  prolongations  of  the  body.  In  consistency 
it  presents  every  variety,  from  soft  and  gelatinous,  to  dense 
and  hard  like  cartilage,  or  tough  like  fibrous  tissue.  In  some 
cases  the  exterior  of  the  test  is  covered  with  homy  spines, 
tubercles,  or  even  with  regularly-disposed  plates  ( Chetysoma). 

In  texture,  the  test  may  present  merely  a  homogeneous 
matrix,  in  which  cells  like  connective-tissue  corpuscles  may 
be  scattered  ;  or  it  may  resemble  cartilage  {PhaUuaia)  or 
fibrous  tissue.  In  most  cases  it  is  non- vascular ;  but,  some- 
times, tubular  prolongations  of  the  ectoderm,  divided  by  a 
median  septum  and  containing  blood,  enter  it  at  one  point, 
and  thence  branch  out  through  its  substance. 

In  the  Chevreidius  of  Lacaze-Duthiers,'  the  test  is  some- 
what like  a  snuff-box  with  a  movable  lid.  There  is  no  hinge, 
however,  but  the  substance  of  the  lid  is  continuous  with  that 
of  the  rest  of  the  test  along  the  line  of  junction.  And  the 
elasticity  of  this  part  causes  the  lid  to  stand  open,  unless  it  is 
shut  by  the  contraction  of  two  adductor  muscles  which  are 
attached  to  it. 

>  **Le8  Ascidies  eimplcs  dos  Cotos  de  France."  (**  Archives  de  Zoolocrie 
exp^rimentale,"  1874.)  M.  Lacaze-Duthiers  has  obtained  mnrexide  by  heating 
this  substance  with  nitric  acid. 

•  There  is  a  close  resemblance  between  the  cells  of  which  this  organ  is  com- 
poeed  Mid  those  which  constitute  the  primitive  kidney  in  the  Pulmonaia, 

•  *^  Annales  des  Scienoes  Natarelles,"  1865. 
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Y.  The  body  of  a  larva  as  It  escapes  from  the  egir :  a,  the  eye ;  gb,  the  saccular  an- 
terior ena  or  the  central  nervoas  apparatus  into  which  the  otolith  projects ;  Ha^ 
Rm^  its  tubular  backward  prolougation ;  Ch»^  cells  of  the  urochord ;  o,  mouth;  Ju, 
atrial  aperture ;  /,  opening  at  the  anterior  end  of  the  central  nervous  apparatus, 
by  which  it  communicates  with  the  alimentary  cavity ;  tf.  commencement  of  the 
oesophagus  and  stomach  ;  m,  blood-corpuscles  ;  Ap,  papills  by  which  the  larva 
attaches  itself* 

YI.  The  body  and  the  commencement  of  the  caudal  appendaee  of  a  free  larva  two 
days  old :  en,  endostyle ;  Jt»,  branchial  sac ;  Iks,  Vu^  branchial  stigmau  ;  bb.  en- 
trance into  the  blood-sinus  between  them;  tf,  intestine;  b,  blood-corpuscles;  Hm^ 
atrial  aperture. 

The  reproductive  organs  of  the  two  sexes  are  united. 
Usually,  the  testis  and  the  ovary  have  the  form  of  racemose 
glands  situated  in  the  loop  formed  by  the  intestine  ;  or  be- 
yond it,  when  the  "abdomen"  is  long;  and  their  ducts  run 
parallel  with  one  another,  to  open  close  together  beside  the 
anus.  In  many  of  the  simple  Ascidians,  however,  the  repro- 
ductive organs  are  lodged  in  the  lateral  walls  of  the  atrial 
cavity,  and  their  ducts  are  distant  from  the  anus ;  and,  some- 
times, there  are  many  distinct  genital  glands. 

In  some  genera,  e.  g.,  PhaUusia^  each  egg  is  surrounded 
by  ail  ovicapsule,  formed  by  the  coalescence  of  cells  of  the 
epithelial  lining  of  the  ovary,  and  these  cells  may  grow  out 
into  processes  which  give  the  fully-formed  egg  a  stellate  ap- 
p3arance. 

Complete  yelk-division  takes  place,  and  the  morula  under- 
goes invagination  (Fig.  149,  I.,  II.).  A  longitudinal  depres- 
sion of  the  epiblast,  extending  forward  from  the  margins  of 
the  aperture  of  invagination,  next  makes  its  appearance  ; 
and,  deepening,  gives  rise  to  an  involution,  the  edges  of 
which  unite,  and  thus  shut  off  a  tubular  portion  of  the  epi- 
blast. This  is  the  rudiment  of  the  nervous  ganglion  (Fig. 
149,  III.).  The  aperture  of  invagination  closes,  and  an  out- 
growth of  the  body  gives  rise  to  the  caudal  appendage,  into 
which  the  urochord,  formed  by  the  coalescence  of  certain  cells 
of  the  hypoblast,  extends  (Fig.  149,  IV.).  The  sac  of  the 
hypoblast  becomes  divided  into  its  branchial,  oesophageal, 
gastric,  and  intestinal  portions,  and  the  mouth  is  formed  by 
the  perforation  of  a  spot  in  which  the  hypoblast  and  the  epi- 
blast cohere  (Fig.  149,  VI.).  The  atrial  cavity  is  formed  by 
two  involutions  of  the  ectoderm,  which  extend  inward  and 
apply  themselves  to  the  lateral  and  neural  walls  of  the  bran- 
chial sac  (Fig.  149,  VI.).  Their  originally  separate  apertures 
eventually  coalesce  into  one.^     The  atrial  tunic  thus  formed, 

1  In  1852  Krohn  discovered  the  fact  that  the  larva  of  Phallusia  is  provided 
with  two  distinct  symmetrically-disposed  openings^  by  which  the  originally 
separate  atria  open  outward ;  and  that  the  two  eventtially  coalesce  into  &e  sin- 
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and  the  walls  of  the  branchial  sac^  coalesce  and  become  per- 
forated, in  order  to  give  rise  to  the  stigmata. 

The  test  appears,  at  first,  to  be  a  cnticQiar  aeeretion  of 
the  epiblast,  and  to  derive  its  ceUnlar  etementa  fiom  the  wan- 
dering into  its  substance  of  cells  derived  fiom  the  epiUast. 

In  Molaula  tubtUosay  Kupfer  and  LaeaacrDiitliiefs  have 
observed  that  the  fecundated  eggs  are  expeOed  from  the 
atrial  cavity,  and  almost  inmiediately  become  fixed  to  the 
surface  on  which  they  falL  Yelk-division  takes  phu)e,  and, 
after  four  nearly  equal  blastomeres  are  formed,  modi  smaller 
ones  are  developed  from  one  face  of  these,  and  increase  until 
they  constitute  a  blastodermic  layer  around  the  larger  blasto- 
meres, which  undergo  a  slower  division.  The  alimentaiy 
cavity  is  formed  by  invagination.  The  embryos  leave  the 
egg  as  voal  bodies,  capable  of  undergoing  considerable  bat 
slow  changes  of  form,  and  devoid  of  any  caudal  appendage. 
Each  embryo  rapidly  invests  itself  with  a  transparent  test, 
throws  out  several  tubular  prolongations  of  the  ectoderm, 
and  finally  passes  into  the  adult  condition.  Although  no  tail 
is  developed,  a  cellular  mass  is  to  be  seen  in  the  same  posi- 
tion as  that  occupied  by  the  remains  of  this  appendage,  when 
it  has  undergone  its  retrogressive  metamorphosis,  in  the  As- 
cidians  with  caudate  larvie.  The  atrial  aperture  is  single  at 
its  first  appearance,  and  no  larval  sensory  organs  are  devel- 
oped. 

In  the  compound  or  social  Tunicata^  many  ascidiozoOids, 
which  are  united  by  a  common  test  into  an  ascidiariumy  are 
produced  by  gemmation  from  a  solitary  metamorphosed  larva. 

Sometimes,  as  in  Glavelina  and  Perophoray  the  parent 
asoidiozoOids  give  rise  to  creeping  stolons,  from  which  branches, 

fflo  atrinm  of  tho  adult  Kowalewsky,  Fol,  and  later  observers,  ajprreo  that 
IncBo  opcninjTs  and  tho  atrial  sacn  are  formed  by  two  involutioiis  of  the  ecto- 
denn,  which  apply  themselves  to  the  sides  of  tlie  pharynx,  and  ooale>8oe  with 
it  at  tho  points  wHich  become  perforated  by  the  sti^ata ;  of  which,  in  PMr- 
lu»ia^  there  are  at  first  but  two  on  each  side.  If  this  is  a  true  aeeoont  of  the 
origin  of  the  atriam,  the  atrial  membrane  is  obviously  part  of  the  ectodeno, 
and  its  cavity  is  analos^us  to  the  pallial  cavity  of  a  mollusk. 

On  the  other  hand,  MotschniKoff  and  Ko'walewsky  a^rree  that  in  the  buds 
of  BfftrvUiu,  and  other  ascidians  which  multiply  bv  fremmation,  the  two  jmrni- 
tivoly  distinct  atrial  cavities  are  portions  of  the  alimentary  aao,  which  beoome 
shut  off  fVom  it,  and  subsequently  open  outward. 

Metschnikoff  ("  Entwickelunifsgreschichtliche  Beitrajro,"  '^Biinetin  de 
PAcAd.  St-Pt^tersbour^,''  xiii.)  therefore  compares  the  atriam  to  the  enteio- 
ctvlo  of  Echinodcrms.  Renewed  observations  specially  directed  to  this  point, 
which  is  of  lorreat  morphological  importance,  are  much  needed.  If  the  atrial 
cavity  is  really  an  enterocffle,  it  will  answer  to  the  periviaoeral  oaTity  of  the 
Brtu'kiopoda^  the  pseudo-heaits  of  which  will  oonrespond  with  the  primitive 
atrial  aperture. 


Fro.  ISO.— /^rcDflio  9(iran(fwn.— 1  A  venlcil  sectian  of  (hs  wsll  otibc  Arddlirlain 
norlhccInariiliiprrtiireuKl  InclDdtciE  iltKjp.  tl.  The  joangtn  coudlllau  of  i 
bud  bsfnn  thn  ecU-iderm  la  vlenled,  IIT..  Iv..  V.  Furlh^r  rueet  of  (he  dcTolup- 
ment  of  •  hud.  VI.  A  nillj-rnrmcd  bnd  ^llh  ■  Mcaod  uCldlonXUd  In  coona  Of 
derelopnienl  tmm  1[b  pidUDClg. 
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Vn.  A  foetas  with  the  blastoderm  divided  into  flve  sezments,  of  which  tb«  cjstho- 
jsoOid  (I.)  ie  the  largest.  VIII.  A  foetas,  the  ascidiosoOids  of  which  half  eoelrck 
the  base  of  the  cyathoziOid.  IX.  Foetas,  the  most  advanced  stage  obaenred.  The 
remains  of  the  coi^oined  cyathozoOid  and  ovisac  are  hidden  by  the  circle  of 
ascidiozoOids. 

The  leuers  have  the  same  signification  In  all  the  tlgaret.  a.  test;  a*,  labial  proeesi; 
a*s  lip  of  the  cloacal  aperture:  a*,  cells  of  the  embiyoclc  teat;  e,  oml  i^Mrtiire; 
p^,  atrial  apertare ;  i,  endostyle ;  I*,  /*,  branchial  aac  and  stigmata;  r,  heart;  r*, 
stolons  of  the  adnlt  ascidiariam ;  r*,  stolons  of  the  embryonic  atddiarlam ;  «,  ori- 
sac;  i,  testis ;  «,  u\  ovam ;  w\  peduncle  of  a  bad ;  x^  the  alimentaiy  portioa  of 
the  endoderm  entering  into  a  bad;  xS  its  generative  portion;  o^,  the  ectoderm 
entering  into  a  bad ;  as,  the  oeleoblast ;  z,  ganglion. 

I.,  II.,  III.,  IV.,  V.  Segments  of  the  bUstoderm.  L  CyathosoOid.  IV^Y.  Aaddio- 
soOids.    B^  month  or  the  cyathozoOid. 

which  develop  new  ascidiozo?5ids,  are  given  off  at  intervals ; 
but,  more  commonlv,  the  ascidiarium  is  massive,  and  the  as- 
cidiozoOids  retain  no  permanent  connection  with  one  another. 
In  the  BotryllidcB^  the  zoOids  are  arran^d  in  whorls  around 
a  common  central  cavity,  or  cloaca^  into  which  the  atria  of 
all  the  members  of  the  whorl  open.  In  PyroBomcty  which  is 
a  sort  of  floating  BotryUuSy  the  process  of  budding  is  highly 
instructive,  as  it  exemplifies  the  manner  in  which  gemmation 
occurs  in  the  Tunicata  in  general.* 

The  ascidiarium  of  Pyrosoma  (Fig.  150,  I.)  has  the  form 
of  a  lioUow  cylinder,  rounded  and  closed  at  one  end,  truncated 
and  open  at  the  other,  formed  of  a  firm  transparent  test,  in 
which  the  zoOids  are  arranged  in  whorls.  Their  oral  apertures 
open  on  the  exterior  surface,  and  their  atrial  apertures  into 
the  interior  of  the  cylinder.  The  haemal  aspect  of  each  zoOid 
is  turned  toward  the  closed  end  of  the  cylinder.  The  bran- 
chial sac  has  the  ordinary  structure,  and  each  zoOid  is  provid- 
ed with  a  testis  and  with  an  ovisac,  containing  a  single  ovum. 

Every  zooid  multiplies  by  gemmation  from  a  region  of  the 
body  which  lies  immediately  behind  the  extremity  of  the  en- 
dostyle. Close  to  the  heart,  attached  to  a  short  caecal  process 
of  the  endoderm  which  constitutes  the  extremity  of  the  endo- 
style, and  which  I  have  termed  the  endoatylic  cone^  is  a  cellu- 
lar mass — the  remains  of  that  mass  of  indifferent  tissue  which 
I  have  called  the  generative  blastema,  and  from  which  the  gen- 
erative organs  of  the  gemmiparous  zooid  have  been  developed 
(Fig.  150,  II.).  The  endostylic  cone  elongates,  and,  curving 
toward  the  haemal  side  of  the  body,  applies  itself  closely  to  the 
ecoderm  (Fig.  150,  III.).  The  latter  grows  out  into  a  conical 
elevation,  which  projects  into  the  surrounding  substance  of 
the  test,  and  contains  a  mass  of  raesoblastic  cells,  one  of  which 

>  Huxley,  "  Anatomy  and  Development  of  Pyrowma.''^    ("  Trans.  LiDDflBan 
Society,"  1860.)    Kowalewsky  (/.  c,  ir^ra.  ^ 
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(u')  has  already  taken  on  the  character  of  an  ovum,  and  is 
surrounded  by  a  rudimental  ovisac.  The  conical  bud  elongates 
and  dilates  at  its  extremity,  and  the  dilatation  gradually  takes 
on  the  form  of  a  new  zo5id  united  by  a  narrow  neck,  or  pe- 
duncle, with  the  parent  (Fig.  160,  IV.).  The  endostylic  cone 
gives  rise  to  the  whole  alimentary  canal  of  the  bud,  while  the 
ectoderm  of  the  latter  proceeds  from  the  ectoderm,  and  its 
ovisac  and  testis  from  the  mesoblastic  cells,  of  the  parent. 
Thus  the  organs  of  the  bud  are  all  the  direct  product  of  the 
corresponding  parts,  or  of  the  primitive  layers  of  the  germ 
from  which  they  are  derived,  in  the  parent.^ 

After  the  terminal  bud  is  formed,  a  second  is  usually  de- 
veloped immediately  below  it  (Fig.  150,  VI.)  by  the  growth 
of  the  ectoderm,  endodermal  axis,  and  mesoblastic  cells  of  the 
peduncle ;  and  it  would  appear  that  this  process  is  frequently 
repeated.  The  fully-formed  bud  becomes  detached,  and  takes 
its  place  among  the  other  zooids  in  the  test,  there  to  repeat 
the  process  of  gemmation. 

The  observations  of  Krohn,  Metschnikoff,  and  Kowalewsky, 
have  shown  that  two  components  enter  into  the  buds  of  ascid- 
ians  in  general ;  first,  an  outer  layer  consisting  of  the  ecto- 
derm of  the  region  in  which  the  budding  takes  place,  and, 
secondly,  an  inner  layer  derived  from  the  endoderm  of  the 
branchial  sac  (Perophord) ;  or,  as  in  JBotryllus^  according  to 
Metschnikoff,  from  the  atrial  tunic*     To  these  must  be  added 

1  In  my  second  memoir  on  I)fro9oma  (**  Trans.  Linn.  Society/'  xziii.,  p. 
811)  I  have  said : 

^*  Gemmation  does  not  take  niace  in  I)fro90fna  as  in  so  manjy  of  the  lower 
animals  (e.  gf.,  the  Hydrozoa  ana  B)lyzoa^  or  Salpa  and  Clavehna^  among  the 
ascidians),  by  the  outgrowth  of  a  process  of  the  body-wall,  whose  primarily  whol- 
ly indifferent  parietes  become  differentiated  into' the  organs  of  the  bud ;  but, 
from  the  first,  several  components,  derived  fVom  as  many  distinct  parts  of  the 
parental  organism,  are  distinguishable  in  it,  and  each  component  is  the  source 
of  certain  parts  of  the  new  being,  and  of  them  onlv.  Thus  the  body-wall  or 
external  tunic  of  the  parent  gives  rise  to  the  extemid  tunic  of  the  bud  j  while  a 
process  of  the  endostylic  cone  of  the  parent  is  converted  into  the  alimentary 
tract  of  the  bud,  and' the  reproductive  oryrans  of  the  latter  are  f\imished  by  a 
part  of  that  tissue  whence  the  reproductive  organs  of  the  parent  took  their 
origin." 

As  will  appear  farther  on.  however,  recent  investigations  show  that  the 
whole  process  of  budding  in  the  great  m^ority  of  the  Tunieata^  and  at  any  rate 
the  first  steps  of  that  process  in  Sdha,  are  essentially  similar  to  those  in  Pyro- 
$(>ma  ;  and  it  remains  to  be  seen  whether  there  is  any  difference  in  other  As- 
cidiana.  And  as  regards  even  the  Hydroaoa^  the  expression  that  the  parietea 
of  a  bud  are  at  first  ^'  wholly  indifferent "  in  structure  is  not  quite  accurate,  in- 
asmuch as  they  are  composed  of  an  ectodermal  and  an  endodermal  layer,  which 
are  continuous  with  those  of  the  parent,  and  give  rise  to  homologous  organs. 

*  If,  as  some  observations  tend  to  show,  the  atrial  tunic  itself  is  a  diver- 
ticulum of  the  primitive  endoderm,  this  case  would  form  no  exception  to  the 
general  law  of  budding  in  the  Tunioata, 
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a  third  component^  derived  firom  the  indifEezent  tissue,  out  of 
which  the  reproductive  organs  of  the  parent  have  been  de* 
veloped. 

In  Amotiraticium  proH/erum^  agamic  multipUcatioa  takes 
place  when  the  larva  has  fixed  itself  and  grown  into  a  soli- 
tary ascidian.  The  long  post-abdomen  (as  the  prokuigatiott 
of  the  abdomen  beyond  the  alimentary  canal  is  termed)  aqpsp 
rates  itself  from  the  body,  carrying  with  it  the  heart,  and 
divides  into  a  number  of  segments  which  rise  to  the  summit 
of  the  test  of  the  parent,  range  themselves  around  it,  and  be- 
come converted  into  independent  zodids.  The  parent  devd* 
ops  a  new  heart  and  post-abdomen.  The  process  appears  to 
be  repeated  in  the  post-abdoroina  of  the  new  aodida.  The 
post-abdomen  is  a  process  of  the  ectoderm,  the  inner  oavity 
of  which  is  divided  by  a  septum  into  two  chambers,  oontain- 
ing  many  fatty  cells.  The  septum  itself  incloses  a  cavityi 
and  there  appears  to  be  no  doubt  that  it  is  a  prolongation  of 
the  pharyngeal  sac.  When  the  segments  of  the  post-abdo- 
men develop,  the  cavity  of  the  anterior  end  of  the  septum 
dilates  and  divides,  as  in  Didemnum^  into  three  chambers,  of 
which  the  median  becomes  the  branchial  sac,  and  the  lateral 
the  atrial  chambers.  The  rest  remains  as  the  septum  of  the 
post-abdomen  of  the  foetus,  and  its  cavity  at  first  communi- 
cates with  the  branchial  sac,  between  the  endostyle  and  the 
oesophageal  aperture. 

Kowalewsky  '  has  observed  the  formation  of  buds  from 
free  cellular  masses  in  the  common  test  of  Didemnum  siyli- 
/erum ;  the  origin  of  these  masses  is  undetermined.  They 
multiply  by  division,  after  the  rudiments  of  the  alimentary 
cavity  and  of  the  reproductive  organs  have  made  their  ap- 
pearance. The  alimentary  cavity  gives  off  a  process  whence 
the  oesophagus,  stomach,  and  intestine  are^  develc^d,  and 
then  becomes  divided  by  longitudinal  partitions  into  three 
chambers,  a  median  and  two  lateral.  The  latter  give  rise  to 
the  lateral  chambers  of  the  atrium,  which  subsequently  open 
into  one  another  on  the  neural  side  of  the  body,  and  finaUy 
communicate  with  the  exterior  by  a  median  atrial  opening. 

Gegenbaur*  has  described  the  detachment  of  the  ova  of 
a  species  of  Didemnum  into  the  substance  of  the  common  test, 
where  they  are  developed  into  caudate  larvae  provided  with 
an  eye.     Before  the  development  of  the  larva  is  nearly  com- 

s  **  Ueber  die  Eoospang  der  Asddien."    ("  Arohiv  ftkr  2llkr.  Axutomie,** 
1 "  Ueber  Dtdtmnim  gdaiinoium."    ('*  Arohiv  tta  Anat/'  1868.) 
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plete,  a  zooid  is  formed  from  it,  so  that,  at  one  time,  the  em- 
bryo appears  to  have  two  branchial  sacs. 

Metschnikoff'  and  Krohn'  have  shown  that  the  caudate 
larvae  of  JBotryUua  are  not  composite,  as  Savigny  and  Sars 
supposed,  but  that  the  bodies  imagined  by  these  observers  to 
be  buds  are  simply  diverticula  of  the  ectoderm,  and  become 
converted  into  the  vascular  processes,  which  ramify  through 
the  common  test,  and  commonly  end  in  dilatations.  In'  the 
adult,  the  buds  are  developed,  one,  or  sometimes  two,  at  a 
time,  at  the  sides  of  the  body,  and  consist  of  an  outer  layer, 
derived  from  the  ectoderm,  and  an  inner  layer,  which,  accord- 
ing to  Mefcschnikoff,  proceeds  from  the  atrial  tunic.  From 
the  inner  layer  the  alimentary  canal  of  the  bud  proceeds,  and 
between  the  inner  and  the  outer  layers  the  rudiments  of  the 
genitalia  appear.  The  ovaria  advance  toward  their  develop- 
ment much  more  rapidly  than  the  testes.  The  zo5ids  thus 
developed,  as  they  enlarge,  rise  to  the  surface,  taking  the 
place  of  those  from  which  they  proceed  and  which  die  away. 
The  ova  are  impregnated  from  without,  and  undergo  their  de- 
velopment in  the  atrium  of  the  parent.  Subsequently  the 
testes  attain  their  full  development ;  and,  at  the  same  time, 
the  buds  are  formed  which  will  give  rise  to  a  third  generation, 
supplanting  the  second. 

After  the  larva  (which  may  be  called  A)  has  attached  it- 
self, the  first  sets  of  zoOids  which  are  developed  are  sexless. 
The  first  bud  arises  on  the  right  side  of  the  body  of  the  larva 
(A)  in  the  neighborhood  of  the  heart ;  as  it  increases  in  size, 
the  parent  withers  away,  and  the  zoOid  (B)  thus  developed 
takes  its  place.  Two  buds,  a  right  and  a  left,  are  developed 
from  (B)  and  become  zo(5ids  (C,  C),  B  disappearing.  The  two 
zoOids  (C,  C)  are  so  disposed  that  their  atrial  ends  are  close 
together,  and  their  oral  ends  turned  away  from  one  another. 
These  each  develop  two  lateral  buds,  which  become  four 
zoOids  (D,  D,  D,  D).  The  zoOids  (C,  C)  disappear  as  l>efore,  and 
their  successors  arrange  themselves  in  a  circle.  Each  of  these 
develops  two,  or  sometimes  three,  lateral  buds  ;  these  grow 
into  zodids,  which  supplant  their  predecessors,  and  are  them- 
selves, in  turn,  supplanted. 

Every  new  system  of  the  later  successions  is,  at  first,  de- 

>  ^*  Entwiokelungspresohichtliche  Beitragc.**  (^^BuUotin  do  PAcaddmie  del 
Sdonoes  de  SL-P^tenbour^/'  xiii,  1868). 

«  "  Ueber  die  FortpflaazungsverhaltniAse  bei  den  Botrvlliden  "  ("  Arohiv 
f&r  Naturflrescbiohte,''  1869).  *^  Ueber  die  frCiheste  Bilduiur  der  BotrrUen- 
■t6oke"(f6W.).  — e  J 
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void  of  a  common  cloaca ;  and  the  loOids  which  compoie  it 
may  arrange  themselves  into  one  or  several  circles,  each  ol 
which  then  acquires  its  cloaca. 

It  thus  appears  that,  in  JBoiryiltUj  the  aacidiozooid  whicb 
results  from  the  metamorphosis  of  the  caudate  larva  servei 
merely  as  a  kind  of  stock,  from  whence  the  other  aoOids 
which  build  up  the  ascidiarium  proceed  ;  and  this  leads  to 
the  still  more  singular  process  of  development  in  J^fra$oma, 
in  which  the  first-formed  embryo  attains  only  an  imperfect 
development,  and  disappears  after  having  given  rise  to  four 
ascidiozoOids. 

In  P^rosomOy  the  ovisac  is  attached  by  a  short  oviduct  to 
the  walls  of  the  atrium,  into  which  it  eventually  opens,  and 
thus  allows  of  the  entrance  of  the  spermatoxoa. 

Of  the  process  of  yelk-division  I  could  see  nothing  in  my 
specimen,  which  was  preserved  in  spirit,  but  it  has  since  been 
traced,  in  fresh  specimens,  by  Kowalewsky,*  who  compares  it 
to  that  which  takes  place  in  osseous  fishes.  The  result  is  the 
formation  of  an  eloiiirated,  flattened  blastoderm,  which  occu- 
pies one  pole  of  the  eptr,  and  is  converted  into  what  I  termed 
the  cyathozooiily  which  is  shown  by  Kowalewsky  to  be  a  sort 
of  nidimentar}'  ascidian  (Fig.  150.  VIII.).  From  this  a  pro- 
longation or  stolon  is  given  off,  which  becomes  divided  by  lat- 
eral constrictions  into  four  portions,  each  of  which  gives  rise 
to  a  complete  ascidiozoi*)id.  As  these  increase  in  size,  they  coil 
themselves  round  the  cyathozoOid,  with  their  oral  openings 
outward  and  their  cloacal  openings  inward,  and  thus  lay  the 
foundation  of  a  new  ascidiariwn  (Fig.  150,VIIL).  The  cyatho- 
zoOid  eventually  disappears,  and  its  place  is  occupied  by  the 
central  cloacal  cavity  (Fig.  150,  IX.).  Thus,  in  Pyrosoma^  the 
usual  first  stage  of  an  Ascidian — the  caudate  larva — is  abor- 
tive, and  ser\-e8  only  to  found  the  colony  by  the  buds  which 
arc  devclopt»d  from  it. 

In  the  pelagic  genus  DoUohnn '  the  cycle  of  life  of  the 
species  is  represented  by  distinct  sexual  and  sexless  forms. 
Tlie  Qft^  produced  by  the  sexual  form  (A)'  gives  rise  to  a 
caudate  larva  which  "passes  into  the  first  sexless  form  (B)  ; 
this  gives  oflF  from  tlie  neural  side  of  the  body  an  outgrowth 

»  "  Uobcr  <lie  Eiitwiokelungsffesoliichte  dcr  Pvrosoma.''  ("  Archiv  far  Mikr. 
Anatomic,"  ISTo.) 

»  Huxley,  "  Remarks  upon  Append icvlnria  and  Dofiolvm.^*  ("  PhiL 
Trans.,"  18r>l.)  Krobn,  "  Ueber  die  CJattunp  DoJioIum.'*  ("  Archiv  ftir  Natur- 
ffesohichte,'*  Ury2.)  Ge^nbaur,  "Ueber  die  Entwickelung  von  Doltolum:^ 
lZtit9ehrift  fr,r  trim.  ZnologU^  1853.) 

*  Eeferstoin  and  Ehlcra,  "  Zoologische  Beitifige,"  1861. 
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or  stolon,  from  vhich  bnds  are  developed.  These  buds  are 
sTTanged  in  three  rows,  two  lateral  and  one  median,  and  grow 
into  zoOids  of  two  different  forms,  of  which  the  median  may 
be  indicated  b;  C  m,  the  lateral  by  C  I.  All  these  zouids  are 
detached,  and  swim  about  as  independent  organisms.  What 
becomes  of  the  lateral  zoOids  (CI)  is  unknown.  But  the 
median  zoOids  gire  off  a  stolon  from  the  hiemal  side  of  the 
body  on  which  buds  are  developed,  which  pass  into  the  sex- 
ual "form  (A). 

The  sexual  zoCid  (A)  (Fig.  151)  is  shaped  like  a  cask  with 
an  opening  at  each  end ;  these  are  the  oral  and  cloacal  aper- 
tures. According  to  Keferstein  and  Ehlers  there  is  no  test, 
the  outer  wall  of  the  body  being  formed,  as  in  most  Appen- 
dicularuB,  by  the  ectoderm.  Eight  muscular  bands  encircle 
the  body,  and  by  their  contractions  expel  the  water  from 
cither  the  oral  or  the  cloacal  ends.  The  body  is  thus  pro- 
pelled either  backward  or  forward.  The  branchial  sac  is 
much  simplified.  In  Doliolvm  MnUert,  the  atrial  cavity  does 
Dot  extend  further  forward  than  the  hinder  end  of  the  wide 
pharynx,  and  this  is  perforated  only  by  two  rows  of  stigmata, 
four  or  five  in  each.  In  Doliolum  denticulatvm  (Fig.  151), 
on  the  other  hand,  the  atrial  cavity  extends  forward  at  the 
sides  of  the  pharynx,  both  on  the  htemal  and  the  neural  side, 
and  the  itigmata  are  numerous  and  vertically  elongated. 

Ad  opening  in  the  middle  line  of  the  hiemal  face  of  the 
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pharynx  leads,  by  a  short  gullet,  into  n  dilated  stomach, 
whence  the  slender  intestine  proceeds  to  terminate  in  the 
atrial  cavity.  The  nervous  ganglion  is  situated  in  the  third 
intermuscular  space  in  D.  detiticulatum.  There  is  a  ciliated 
sac,  but  no  auditorr  organ,  in  the  sexual  form.    The  testis 
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!4^xiial  zrrVvl^.  The  stalk  bj  which  each  »  attached,  and  the 
in^<<^rtion  of  whtoh  is  ia  the  middle  Hne  of  the  >mp— 1  {^qc  nt 
thf^  fiixth  intermLMcalar  space,  mDaias  as  a  praauneiice  after 
the  ftnimal  u  s^t  free  ;  and,  firom  the  base  of 
bijrj^  are  dr^reloped  which  take  on  a  sexoal  form  (A). 

In  the  S'^ilp^My  the  dirergence  from  the  offdinaiy  TiutMala 
reaches  iu  maximum.  The  oral  and  atrial  openings  are  situ- 
ated at  opp'/site  extremities  of  the  bodr,  as  in  JF^rosoiaand 
jMH^Aum  ;  and  the  branchial  stigmata  are  represented  bj 
wide  vaciiities  at  the  sides  of  the  brandual  sac,  the  walls  oi 
whi/^;h  are  thus  represented  oolj  bj  the  epipharyngeal  folds 
on  the  r>ne  side,  and  a  narrow  trabecnla,  whidi  occupies  the 
region  of  the  hrpopharjngeal  band,  on  the  other  sichs.  The 
relatively  small  alimentary  and  reprodoctire  risoera  are  some- 
times  aggregated  into  a  mass — ^the  so-caDed  mielfwf — at  the 
posterior  end  of  the  hsemal  side  of  the  body.  The  chief  mos- 
cular  hand«i,  by  the  contraction  of  which  the  water  is  driren 
out  of  the  branchial  and  atrial  apertures,  and  the  propnlskm 
of  the  animal  is  effected,  are  transverse,  but  do  not  form  comr 
jilete  hrK;ps,  as  in  Doliolum, 

In  all  the  HalpfK^  each  species  is  represented  by  two  sets 
of  zofiids,  the  one  sexual  and  the  other  sexless,  flie  sexual 
KoJiirls  arc  produced  hy  budding  from  a  stolon,  which  is  given 
off  from  the  body  of  the  sexless  form  in  the  immediate  neigh- 
borhood of  the  heart.  When  the  sexual  zodids  thns  formed 
arc  detached,  they  are  at  first  connected  into  chains  of  vari- 
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ous  fonns,  but  these  eventually  break  up,  and  the  constituent 
zo5ids  are  set  free.  Fig.  152  shows  the  two  zoOids  of  the 
species  Salpa  democratica-mucronatay  viz.,  the  sexless  zooid, 
Salpa  democratica  (Fig.  152,  I.),  and  the  free  sexual  zoOid, 
ScUpa  mucronata  (Fi^.  152,  II.). 

The  recent  investigations  of  Dr.  Todaro,*  in  accordance 
with  those  of  Kowalewsky,  show  that  the  stolon  is  formed, 
as  in  Pyroaoma^  by  the  conjunction  of  a  process  of  the  endo- 
derm  which  forms  the  extremity  of  the  endostyle,  with  an 
outgrowth  of  the  ectoderm,  and  with  certain  cells  of  the  meso- 
blast.  But,  according  to  Todaro,  there  is  this  essential  differ- 
ence :  the  young  SalpcBy  which  make  their  appearance  in 
double  series  along  the  stolon,  are  developed  altogether  from 
the  mesoblastic  cells.  These  cells,  in  fact,  besome  aggre- 
gated into  masses,  of  which  four  are  arranged  in  the  circum- 
ference of  each  segment  into  which  the  stolon  is  divided ;  and 
two  of  these  masses,  one  on  each  side  of  each  segment,  are 
converted  into  young  SalpcB  by  a  process  analogous  to  that 
by  which  a  morula  becomes  an  embryo.  If  this  account  of 
the  matter  be  correct,  the  agamic  development  of  the  Salpm 
would  rather  resemble  that  of  the  germ  masses  of  the  sporo- 
cysts  of  Trematoda,  or  the  pseud-ova  of  insects,  than  ordinary 
budding. 

Each  sexual  zo5id  possesses  a  testis  and  a  single  ovum. 
The  latter  is  contained  in  an  ovarian  follicle,  the  slender  duct 
of  which  is  attached  to  the  wall  of  the  atrium  and  opens  into 
the  atrial  cavity.  The  testis  attains  its  full  growth  and  func- 
tional perfection  only  after  the  ovum  has  undergone  develop- 
ment. It  follows,  therefore,  that  impregnation  must  be  ef- 
fected by  the  spermatozoa  of  some  other  zoOid.  The  sexless 
form  which  is  developed  from  the  egg  goes  through  the  early 
stages  of  its  development  in  the  atrial  cavity  of  the  parent,  to 
the  walls  of  which  it  is  attached  by  a  peduncle  (Fig.  152, 
III.),  the  centre  of  which  is  occupied  by  a  diverticulum  of  the 
vascular  canals  of  the  parent,  inclosed  within  a  cup-shaped 
cavity  in  free  communication  with  the  blood-sinuses  of  the 
foetus.  It  is,  in  fact,  a  true  placenta  ;  and,  during  life,  the 
independence  of  the  foetal  and  maternal  circulations  is  readily 
observed,  as  the  blood-corpuscles  of  the  two  organisms  course 
through  their  respective  channels. 

The  early  stages  of  the  development  of  the  embryo  Salpa 
have  been  investigated  by  numerous  observers,  most  recently 

1  ^*Sopra  lo  Sviluppo  e  I'Anatomia  delle  Salpe,'*  1S75. 
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by  Kowalewsky,'  Todaro,  Brooks,"  and  Solenskj.*    Tie  ob- 
sorvations  of  the  [ast-named  author  relate  cbietiv  to  S^a 
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The  egg  is  impregnated  in  the  ovarian  follicle,  as  in  Pyro- 
soma  ;  and  the  oviduct,  shortening,  gradually  draws  the  ova- 
rian follicle,  with  its  contents,  into  a  sort  of  incubatory  pouch, 
which  is  a  diverticulum  of  the  wall  of  the  atrium,  and  pro- 
jects into  the  atrial  cavity. 

For  distinction's  sake  the  incubatory  pouch  may  be  termed 
the  ovicyat  As  the  oviduct  shortens,  it  widens,  and  consti- 
tutes, together  with  the  ovarian  follicle,  a  single  uterine  saCy 
the  outer  or  oviducal  half  of  which  applies  itself  to  the  wall 
of  the  ovicyst,  while  the  inner  half  contains  the  ovum.  The 
vitellus  undergoes  complete  division,  and  the  superficial  layer 
of  blastomeres  constitutes  itself  into  an  epiblast,  investmg 
the  solid  mass  formed  by  the  other  blastomeres,  which  repre- 
sent the  hypoblast.  A  mesoblastic  layer  subsequently  ap- 
pears between  the  two.  The  nervous  ganglion  results  from 
an  involution  of  the  epiblast,  while  the  branchial  sac,  the 
alimentary  canal,  and  the  asrium,  are  the  product  of  the  sub- 
division of  a  cavity  which  appears  in  the  midst  of  the  hypo- 
blast. The  maternal  and  the  foetal  parts  of  the  placenta 
arise,  respectively,  from  the  wall  of  the  ovarian  sac,  and  from 
certain  large  blastomeres  on  the  adjacent  hasmal  face  of  the 
embryo. 

Todaro  agrees  with  other  observers  in  stating  that  the 
vitellus  undergoes  division,  and  that  a  small  celled  blastoderm, 
invests  the  large  remaining  cells,  which  he  terms  the  germijial 
mass.  But  his  account  of  the  further  stages  of  development 
is  very  different.  A  circular  thickening  of  the  blastoderm 
separates  the  hemisphere  which  is  directed  outward  from  that 
which  is  turned  inward,  and  gives  rise  to  a  lamellar  outgrowth. 
It  is,  at  first,  directed  toward  the  inner  end  of  the  ovisac, 
having  reached  the  bottom  of  which,  it  becomes  reflected  ; 
and  the  reflected  portions  lining  the  inner  wall  of  the  ovisac, 
and  meeting  over  the  outer  hemisphere,  form  a  sort  of  am- 
niotic investment  of  the  embryo.  It  is  the  cavity  left  be- 
tween this  '^  amnion ''  and  the  inner  hemisphere  of  the  blasto- 
derm, which  becomes  the  parental  blood-sinus.  An  involu- 
tion of  the  outer  hemisphere  of  the  blastoderm  gives  rise  to 
the  alimentary  canal,  which  becomes  shut  ofi^,  as  the  endodcrm, 
from  the  remaining  blastoderm,  which  constitutes  the  ecto- 
derm. A  mass  of  cells  which  appears  in  the  middle  of  the 
outer  half  of  the  embryo,  between  the  alimentary  sac  and  the 
ectoderm,  and  which  has  only  a  transitory  existence,  is  re- 
garde:!  by  Todaro  as  the  representative  of  the  urochord. 


CHAPTER  XL 

TUB  PERIPATIDEAy  THE  MYZOSTOSCATA,  THE  ENTEBOPXEUlSrA, 
THE  CUiETOGNATHA,  THE  NEMATOIDEA,  THE  PHYSE3CABIA, 
THE   ACANTUOCEPHALA,   AXD  THE   DICYEMIDA. 

I  HAVE  rcsorvod  for  discussion  in  this  chapter  the  J^eripa- 
tiihity  which  have  heretofore  been  referred  by  most  authors  to 
the  Anntiida  ;  and  certain  groups  of  the  lower  Jtfeiazoay  the 
precise  morphological  relations  of  which  are  as  yet  uncertain, 
although  it  is  pretty  clear  that  several  of  them  are  allied  with 
the  lower  Annelida^  the  Rotiferay  and  the  Turbellaria.  They 
are,  for  the  most  part,  totally  devoid  of  segmentation ;  while 
the  Chatognatha  and  tlio  Myzostomata  alone  present  any 
structures  resembling  limbs,  though  the  nature  of  these  is 
doubtful.  So  far  as  the  nervous  system  is  clearly  made  out^ 
it  exhibits  no  such  chain  of  post-oral  ganglia  as  characterizes 
the  higher  worms. 

The  Peripatidea. — At  p.  225, 1  have  referred  this  group 
to  the  Arthropoda^  Mr.  Moseley's  memoir  on  Peripatus  *  hav- 
ing left  no  doubt  upon  my  mind,  that  he  had  satisfactorily 
proved  the  justice  of  the  surmise  respecting  its  affinities 
originally  made  by  Gerviiis.  It  is  only  recently,  however, 
that  I  have  been  able,  thanks  to  Mr.  Moseley,  to  examine  one 
or  two  specimens  of  Peripatus  Novce  Zelaniop^  and  to  satisfy 
myself  of  the  main  point,  namely,  the  existence  of  the  tra- 
cheal system  which  he  has  described. 

Of  the  ^enus  Peripatus  several  species  arc  now  known, 
from  the  West  Indies,  South  America,  the  Cape  of  Good 
Hope,  and  New  Zealand,  where  they  are  found  among  the  de- 
caying wood  of  damp  and  warm  localities.     They  have  the 

»  "  Philosophical  Transactions,"  1S74.  Ses^  also,  the  valuable  memoir  of 
Grubc,  **  Uebcr  den  Bau  von  Btripatut  EdwardtiV^  ("  Archiv  fOr  Anatomie,*' 
1853). 
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carious  habit  of  throwing  out  a  web  of  viscid  filaments  when 
handled  or  otherwise  irritated. 

The  head  is  distinct,  and  is  provided  with  a  pair  of  many- 
jointed  antenna-like  tentacula  and  two  simple  eyes.  The 
mouth,  situated  upon  the  under  surface  of  the  head,  is  sur- 
rounded by  a  prominent  lip,  which  incloses  a  pair  of  jaws, 
each  of  which  is  terminated  by  two  curved  chitinous  claws, 
similar  to  those  of  the  feet.  On  each  side  of  the  mouth,  the 
head  supports  a  short  obscurely- jointed  "  oral  papilla,"  which 
is  somewhat  like  one  of  the  feet,  but  is  devoid  of  claws  and 
perforated  at  its  extremity.  The  head  is  followed  by  an  un- 
segmented  bodv  produced  laterally  into  paired  appendages, 
which  vary  in  number  from  fourteen  to  more  than  thuly,  ac- 
cording to  the  species  ;  and  each  of  these  appendages  is  in- 
distinctly articulated,  the  terminal  joint  being  provided  with 
two  small  curved  claws. 

The  anus  is  terminal,  and  the  genital  aperture  is  situated 
on  a  papillae,  a  little  distance  in  front  of  the  anus,  on  the 
neural  or  ventral  face  of  the  body. 

The  alimentary  canal  commences  by  an  ovoid  muscular 
pharynx.  The  oesophagus,  continued  from  this,  gradually 
dilates  into  a  wide  and  long  stomach,  from  which  a  very  short 
intestine  is  continued  to  the  anus,  situated  at  the  posterior 
end  of  the  body.  There  are  no  Malpighian  ca^ca.  Two  very 
large  ramified  tubular  glands,  which  secrete  the  viscid  matter 
of  which  the  web  is  composed,  lie  at  the  sides  of  the  alimen- 
tary canal,  and  open  outward  by  the  perforations  of  the  oral 
papilte.  A  vessel  occupies  the  middle  line  of  the  dorsal 
body-wall,  and  is  probably  a  heart. 

The  respiratory  organs  are  the  tracheae  discovered  bv  Mr. 
Moseley.  The  numerous  pores,  or  stigmata^  from  which  the 
tracheae  take  their  origin,  are  scattered  all  over  the  surface 
of  the  body,  one  row  being  median  and  ventral.  Each  stigma 
is  the  outward  termination  of  a  short,  wide  tube,  which,  at 
its  opposite  end,  branches  out  into  a  pencil  of  fine  tracheae, 
which  rarely  divide,  and  are  distributed  in  great  abundance 
to  the  viscera.  They  are  very  delicate  tubes,  which  often 
take  an  undulating  course,  and  are  rarely  more  than  -if^jVir 
of  an  inch  in  diameter.  In  optical  section,  their  walls  have 
a  finely-beaded  appearance,  as  if  from  the  presence  of  trans- 
verse thickenings,  though  distinct  transverse  markings  are 
rarely  to  be  seen. 

The  nervous  system,  as  Milne-Edwards  discovered,  con- 
sists of  two  ganglia  in  the  head,  closely  united  above  the 
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(Tsopbftgua.  From  each  of  thps*  a  relatively  stout  lon^tadi- 
aal  cortl  proceeds,  overWing  tbe  bases  of  the  foet  (aud  hence 
widfly  separated  from  its  fellow),  to  the  posterior  extremitj 
of  the  bodjr.  As  Grubo  has  BtAted,  there  »re  no  distinct 
l{&nglia  on  "this  cord.  On  the  contrary,  ganf^lionic  cells  ap- 
pear to  be  pretty  evenly  distributed  along  its  ventral  ttte, 
throughout  its  length  ;  and  norvos,  which  pass  tranaverselj' 
outward  and  inward,  are  {^veo  off  from  opposite  sides  of  it 
at  short  intervals.  Grube  has  shown  that  many  of  tiie 
branches  that  tak?  tho  latter  direction  are  ooatmiaeores  be- 
tween the  two  cords. 

The  muscles  of  Peripatus  are  not  striated,  which  is  a 
curious  eiccption  to  its  generally  well-marked  arthropod  tjiar- 
acteristics. 

Mr.  Mosclcy  has  proved  thiit  the  sexes  arc  distinct.  Tlie 
ovary  is  small,  divided  by  a  median  septum  into  two  lobes, 
and  lies  beneath  the  alimentary  canal.  The  oWduct,  at  first 
single,  divides  into  two  branches,  which  are  lon^,  and,  pos- 
teriorly, present  uterine  dilatations.  They  then  unite,  and  to- 
minate  by  a  short  vagina  on  the  ventral  aspect  of  the  rectum. 
The  testes  arc  ovate  bodies,  each  with  a  ciecal  appendage. 
The  long  and  coiled  vasa  deferentia  unite  into  a  common 
duct,  which  opens  in  the  same  position  as  in  the  female.  The 
ova  are  developed  within  the  uterine  dilatations  of  the  on- 
due  ts.' 

Mr.  Moseley  has  made  ont  tho  chief  points  in  the  develop- 
mental history  of  J'eripatu.f, 

In  an  early  condition,  the  embryo  is  very  like  that  of  a 
Scorpion,  but  is  folded  upon  itself,  so  that  the  ventral  aspects 
of  the  anterior  and  posterior  halves  of  the  bodv  are  turned 
toward  one  another.  As  in  the  Scorpion,  there  is  a  pair  of 
largo  procephalio  lobes,  succeeded  by  a  aeries  of  segments, 
from  the  sides  of  which,  processes  —  the  rudiments  of  the 
limbs — bud  out.  The  procephalio  lobes  give  rise  to  m  kind 
of  hood,  the  lateral  angles  of  which  extend  over  the  bases  of 
the  first  pair  of  limbs,  and  join  with  those  of  the  second  pair, 
which  are  the  oral  papilla  of  the  ndull.  The  first  pair  of 
limbs  thus  become  inclosed  within  the  hood  (the  margins  of 
which  form  the  suctorial  lip  of  the  adult),  and  deveJopinp 
two  chitinous  claws  upon  their  extremities,  like  those  of  tho 

'  One  of  tliB  Bpopimen*  whicli  I  pxnminrd  wm  «  prosiuiDt  forasle,  but  the 
vUoem  wore  glued  to^telber,  apparentlj  by  Iho  itction  of  the  ipirit  ia  vhicli  )t 
had  been  preMrved,  in  miob  ■  moanor,  thftt  Uttla  iwtilJ  be  made  of  th«ir  atro^ 
tan  or  of  that  of  tho  eiDbrfos. 
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other  limbs,  they  are  converted  into  the  jaws  of  the  adult 
animal.  It  is  remarkable  that  the  antennae  are  developed 
from  the  anterior  part  of  the  procephalic  lobes  ;  while  the 
chelicerse  of  the  Scorpion  appear  at  the  posterior  margin  of 
these  lobes,  in  a  position  corresponding  with  that  of  the  first 
pair  of  limbs,  or  jaws,  of  Peripatus. 

It  is  obvious  that  whether  we  consider  the  appendages, 
the  respiratory  and  reproductive  systems,  or  the  development 
of  the  embryo,  Peripatua  is  a  true  Arthropod,  apparently 
nearly  allied  to  the  suctorial  Myriapoda. 

The  Myzostomata. — The  genus  Myzostomum^  compre- 
hends certain  small  animals,  the  largest  species  not  exceeding 
one-fifth  of  an  inch  in  length,  which  arc  parasitic  upon  the 
Feather-stars.  The  body  has  the  form  of  a  fattened  oval  disk, 
the  siuface  of  which  is  ciliated,  while  its  margins  may  be 
produced  into  as  many  as  twenty  short  filamentous  processes 
or  cirri.  Within  the  margin  of  the  ventral  face  are  eight 
suckers,  four  on  each  side,  and,  internal  to  these  again,  are 
ten  short  conical  '^  feet,"  ^ye  on  each  side ;  each  of  these 
lodges  two  strong  setse,  which  can  be  protracted  and  re- 
tracted in  the  same  way  as  those  of  Annelids.  Just  within 
the  middle  of  the  anterior  margin  lies  a  rounded  aperture, 
through  which  a  muscular  proboscis,  the  free  end  of  which  is 
beset  with  papillsB,  can  be  protruded.  A  straight  alimentary 
canal  runs  through  the  body,  and  terminates  in  a  sort  of 
cloaca,  which  opens  in  the  middle  line  on  the  posterior  mar- 
gin. From  each  side  of  the  alimentary  canal  long  ramified 
cseca  are  given  off. 

No  vessels  or  organs  of  circulation  have  been  discovered. 
All  that  is  known  of  the  nervous  system  is  an  elongated  gan- 
glionic mass,  from  which  branches  are  given  off  on  each  side, 
situated  in  the  middle  line  of  the  ventral  face  of  the  body. 

The  sexes  are  combined  in  the  same  individual.  The 
acini  of  the  generative  glands  are  scattered  through  the  body. 
Those  of  the  testes  pour  their  contents  into  ducts,  which 
unite  together  and  open  by  a  separate  vas  deferens  on  each 
side  of  the  body,  about  the  middle  of  its  ventral  face.  The 
two  oviducts  convey  the  ova  to  the  cloacal  chamber. 

The  development  of  Myzostomum  has  been  worked  out 
by  Semper  and  by  Metschnikoff.'     The  vitellus  undergoes 

der  Gkittung  My- 
EntwickelungBge- 
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complete  division,  aud  ibe  embryo  leaves  the  egg  as  mi 

morula,  covered  with  vibratile  cilia.  In  the  uc-xt  stage  ^ 
served,  iho  embryo  is  cylindroidul,  and  is  provided  wilh 
moutU  at  one  end  and  an  auus  at  the  other.  Tbe  oooimeac- 
ineat  of  the  straight  and  simple  alimentary  can&l  has  tbe 
form  of  &  muscular  bulb  or  proboscis.  There  are  two  rum 
of  rudimentary  appendages,  each  containing  two  sette.  Hie 
number  of  the  setigerous  jippendages  increases  up  to  five 
pairs,  and  the  intestine  begins  to  show  indicatiotis  of  diver- 
ticula ;  but,  in  tbe  latest  stsge  observed,  the  cirri  had  net 
made  their  appearance,  and  the  body  was  slil)  comparativelr 
narrow. 

MetschnikolT  regards  Jtf^zottomum  as  a  parasitic  form  ci 
a  polycluetous  Annelid  ;  and  there  i%  much  to  be  ssid  in 
favor  of  this  sufnteslion  ;  though,  in  s(ime  respects,  it  rather 
approaches  the  J/irudinea. 

The  presence  of  cilia  on  the  surface  of  the  body  and  of 
protruciile  sct:e  in  the  p-arapodia  excludes  J^yzostotnvm 
from  tbe  Arlhropoda ;  while  Metschnikoff  has  justly  com- 
pared ils  larval  slate  with  that  of  SylUa.  SutScient  doubt, 
however,  sliil  adheres  to  the  dutermination  of  the  true  place 
of  Mt/zosloiituui,  to  lead  me  to  discuss  it  apart  from  the  An- 
nelids. 

Tbh  Entehopsecsta. — The  very  singular  animal  JBalano- 
ffloaewi,  which  Is  the  only  known  example  of  this  group,  is 
an  elongated,  apodal,  soft-bodicd  warm,  with  the  nioutli  «t 
one  end  of  the  body  and  the  anus  at  the  other  {Fig.  153, 
III.).  The  mouth  is  surrounded  bv  a  sort  of  collar,  or  promi- 
nent lip,  within  the  margin  of  which  springs  a  long  probos- 
cidiform  median  appendage,  which  is  hollow  within  ftnd  has  a 
terminal  pore.  (^)n  the  same  side  ss  that  from  which  the  pro- 
boscis springs,  the  anterior  region  of  the  body  presents  an 
elongated,  somewhat  flattened  area,  bounded  by  raised  longi- 
tudinal folds.  On  each  side  of  this  area  is  a  longitudinal  se- 
ries of  apertures — the  branchial  apertures.  Tbe  latter  com- 
municate with  saccular  dilatations  of  the  anterior  part  of  the 
alimentary  canal,  and  these  branchial  sacs  are  supported  by 
a  peculiar  skeleton. 

No  nervous  system,  nor  any  organs  of  sense,  have  yet  been 
certainly  made  out. 

According  to  Kowalewsky,'  who  was  tbe  first  lo  elucidate 
{"  M4m.  do  I'Acttd.  Im[i.  da  8t-Pft*n- 


THE  DETELOPKENT  OF  BAI.AKOOLOSS0S.  539 

the  true  nature  ot  Salanogloagua,  the  vascular  system  con- 
sists of  a  dorsal  and  a  ventral  vessel.  At  the  posterior  end 
of  the  braaohial  region  the  former  divides  into  a  superior  and 
an  inferior  dorsal,  and  ttro  lateral,  trunks.  The  superior 
trunk  passes  forward,  and,  at  the  anterior  end  of  the  body, 
divides  into  two  descending  branches,  which  unite  with  the 
ventral  trunk.  The  inferior  dorsal  trunk  supplies  the  bran- 
chife,  of  which  the  lateral  trunks  are  the  efferent  vessels. 
For  the  pharyngeal  branchifs  of  Salanogloasus,  the  only 

Sarallels  to  be  found  are  among  the  Tumcata  and  the  Verte- 
rata.  On  the  other  hand,  the  larval  form  of  this  anomalous 
creature  is  generally  Annelidan  or  Turbellarian,  with  very 
close  and  special  resemblances  to  the  Echinopsedia  of  some 
Schinodermata. 

ITie  young  of  Salanogloisxu  was  first  observed  by  Moller, 
who  called  it  Tomaria,  and  regarded  it  (as  did  all  succeeding 
observers  until  its  true  nature  was  discovered)  as  an  Echino- 
derm-larva,  on  account  of  its  extraordinary  resemblance  to 
the  larva  of  Star-fishes  {Fig.  153, 1.), 


1.  Tba  TbriMrta  ~.-,  ....v-..^~  (.^u.  „ 
ludlDil  to  lbs  dorul  pace  {(firromu.tbeui 

prolaagktloB  of  tha  sae;  *.  ban;  i,  tnta!tl__,  .,  ,  ., ^  -=  — - 

"■ — "■ '   '-' '  th«  lUmentarj'  canal;  mi,  mnacolir  baod  rannlng  (i 

n.  A  Tmng  Jtofam^faWM— Istton  u  bcfon,  czupC  g,  tbe  fliat  fannsd  bnnchlal 

atl^nuta' 
in.  A  mors  tdTBDccd  Baianogotnu ;  e.  the  collar;  p,  Ihc  proboacla. 

It  is  an  elongnted  ovoid  body,  provided  with  three  bands 
of  cilia,  one  of  which  is  pne-oral,  while  tbe  other  two  are 


witk  that  put  of 
5  vioek  tike  pr«M>rml  miid  post- 
?  rr^  eye  spots  are  dereloped. 
*  m^^Mmlii  finom  a  tubular  in- 
Dhrertieiila  of  the 
T  caaal  fpre  rise  to  two 
vUcky  apparentlj,  the  ineso- 
cf  the  Silamog&igus  are  de- 


liV  <" 


1  rroi  «2>»  56S«^  re  «iSf  vjpgopkigig  a  series  of  diverticnla 
x^T^::  cf  .  wliHt  xsise  viik  tW  ectodeffm^  open  extemallj, 


ajDi  t*5^:< 


t^  ri~-wo.Hb(is.  Vrken  oolj  two  of  these  bran- 
ar^  forawd*  ther  are  said  br  Metscfanikoff  to 
hire  a  soikizxiT  reisaKnblazKe  to  those  of  Aj^pemdieuiaria.  A 
pal.si:ing  Te»o^« — she  so-called  ^  heart " — makes  its  appear- 
ance close  to  the  water-«ac.  The  anterior  end  of  the  bodj, 
in  front  of  the  mooth,  now  elongates,  and  is  c<mverted  into 
the  probDsois;  while  the  post-oral  region  loses  its  ciliated 
hands,  and.  lengthening,  becomes  the  long  bodj  of  the  adolt 
HTorm/     (Fig.  153,  IL,  III.) 

The  Chjetognatha. — ^The  genus  Sagittal  which  is  the 

I  fUt  AfTtMiz,  <*  The  Hbtorv  of  BaUtnngUmut  and  Tanunia  '*  (*'  Ifemoin 
uf  thi!  American  Academv  of  Arts  and  Sciences,''  187S) ;  and  Metaohmkoff, 
**  Htititniuchunffen  Qber  die  Metamorphoae  einiger  Seethieie."  {ZdtaArift 
/ur  wIm,  Zoologie,  zz.,  1870). 

*  Ht*  Hiuilc,  OuarUrlif  Joumnl  of  Microfoopiedl  Seiena^  1856.  Lenckait  and 
I'MtfouHUolier,  **^Arohi7  Jtr  Anatomie,"  1858. 
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only  member  of  this  group,  comprises  several  species  of  small 
animals  which  are  found  swimming  at  the  surface  of  the  ocean 
in  all  parts  of  the  world.  Although  the  whole  structure  and 
course  of  development  of  Sagitta  are  now  very  well  known, 
its  true  affinities  are  not  definitely  settled.  Anatomically,  it 
approaches  the  Nematoid  worms  and  the  oligocbsetous  Anne- 
lids in  some  respects  ;  but  its  development  presents  pecul- 
iarities which  are  as  yet  unknown  among  these  animals,  while 
they  occur  among  the  Brachiopoda  and  the  Echinodermata. 
The  body  of  Sagitta  (Fig.  154),  rarely  more  than  an  inch 
long,  is  elongated,  subcylindrical,  and  unsegmented  ;  it  is  en- 
larged at  one  end  into  a  rounded  head,  while  at  the  other  it 
tapers  to  a  point.  There  are  no  parapodial  appendages,  but 
the  chitinous  cuticle  is  produced  into  a  finely-striated  lateral 
fin  on  each  side  of  the  body  and  tail,  and  into  delicate  setse. 
On  each  side  of  the  head  there  are  a  number  of  strong,  curved, 
claw-like,  chitinous  processes,  which  can  be  laterally  divari- 
cated and  approximated,  and  serve  as  jaws.  Between  them 
is  the  mouth ;  and  at  the  sides  of  the  mouth  are  four  sets  of 
short  but  strong  spines.  The  mouth  leads  into  a  simple  and 
straight  intestine,  which  opens  by  an  anus  situated  on  the 
ventral  face  of  the  body,  where  the  tapering  caudal  region 
commences.  A  dorsal  and  a  ventral  mesenteric  band  connect 
the  intestine  with  the  wall  of  the  body,  and  divide  the  peri- 
visceral cavity  into  two  chambers.  Beneath  the  ectoderm 
lies  a  layer  of  longitudinal,  striated,  muscular  fibres.  The 
nervous  system  consists  of  a  large  oval  ganglion,  which  lies 
in  the  middle  of  the  ventral  wall  of  the  body,  and  sends  off 
anteriorly  two  commissural  coi-ds,  which  unite  with  a  supra- 
oesophageal  ganglion.  Among  other  branches,  this  gives  off 
two  to  the  dorsal  side  of  the  head  ;  these  dilate  at  their  ex- 
tremities into  spheroidal  ganglia  on  which  the  eyes  rest.  The 
ovaries  are  elongated  tubular  organs,  which  lie  one  on  each 
side  of  the  intestine,  attached  to  the  parietes  of  the  body. 
Their  ciliated  ducts  open  close  to  the  vent  and  are  provided 
with  dilatations  which  serve  as  reccptacula  seminis.  Behind 
the  anus  the  mesenteric  lamina)  unite  and  form  a  vertical 
partition,  which  divides  the  cavity  of  the  caudal  part  of  the 
body  into  two  chambers.  On  the  lateral  walls  of  these,  cellu- 
lar masses  are  developed,  which  become  detached,  and,  float- 
ing freely  in  the  perivisceral  fluid,  are  developed  into  sper- 
matozoa. The  latter  escape  by  spout-like  lateral  ducts,  the 
dilated  bases  of  which  may  be  regarded  as  vesiculae  semi- 
nales. 
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Thus  far,  although  the  orj^anization  of  Sagitta  is  i 
peculiar,  it  presenU  analogies  both  wilb  the  Aematotdea  a 
with  the  Annelida.    But  its  development,  as  described  by 


Kowalewsky,'  is,  in  some  respects,  unlike  anythitifi  at  pres- 
ent known  in  either  of  these  groups.  Yelk-division  takes 
place  as  usual,  and  converts  the  egga  into  a  vesicular  morula, 

>  "  M6iuainis  dc  rAmd^mie  ImpiJrialu  des  Solccccs  da  St.-rCtonbom:g," 
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with  a  large  cleavage  cavity,  or  blastocoele.  One  face  of  the 
vesicle  thus  constituted  now  becomes  invaginated,  with  the 
effect  of  gradually  obliterating  the  blastocoele,  and  converting 
the  spherical  single-walled  sac  into  a  hemispherical,  double- 
walled,  cup-shaped  gastrula.  The  cavity  of  the  cup  is  the 
future  digestive  cavity ;  the  layer  of  invaginated  blasto- 
dermic cells  which  lines  this  cavity  is  the  hypoblast,  which 
will  become  the  endoderni ;  and  the  outer  layer  of  cells  is 
the  epiblast,  and  will  become  the  ectoderm.  In  this  condi- 
tion the  embryo  resembles  that  of  the  Leech  in  its  early 
state.  The  embryo  elongates,  and  the  aperture  of  invagi- 
nation, or  blastopore,  eventually  ceases  to  be  discernible. 
Whether  it  becomes  the  anus,  or  whether  the  anal  apertm^ 
is  formed  anew,  is  not  certain.  The  nervous  ganglia  result 
from  the  modification  of  cells  of  the  ectoderm.  The  anterior 
end  of  the  primitive  alimentary  cavity,  or  archenteron,  is  at 
first  closed.  It  soon  sends  out  an  enlargement  on  each  side, 
so  that  the  archenteron  is  divided  into  a  central  and  two  lat- 
eral divisions.  The  central  division  opens  externally  and  an- 
teriorly by  the  development  of  the  oral  aperture  ;  and,  as  the 
body  elongates,  it  becomes  the  tubular  intestine.  The  lat- 
eral diverticula  at  first  communicate  with  it,  but  they  are 
eventuallv  shut  off,  and  constitute  the  right  and  left  perivis- 
ceral cavities,  their  walls  becoming  converted  into  the  cellu- 
lar and  muscular  lining  of  those  cavities.  It  results,  from  the 
mode  of  development  of  the  perivisceral  cavity  of  SagiUa^ 
that  this  cavity,  like  the  perivisceral  cavity  of  the  Brachio- 
pods,  and  the  *^  peritoneal "  cavity  of  the  Echinoderms,  is  an 
entcrocoele,  comparable  to  that  of  the  Hydrozoa  and  ActinO' 
zoa  ;  but  which,  instead  of  remaining  in  communication  with 
the  alimentary  cavity,  is  shut  off  from  it,  its  wall  becoming 
the  mesoderm,  and  its  cavity  the  perivisceral  cavity.* 

Nothing  of  this  kind  is  known  to  occur  in  the  TkirheUariaj 
Annelida^  Nematoidea^  or  Rotifera  ;  but  when  a  perivisceral 
cavity  exists  in  these  animals,  it  appears  always  to  result  from 

^  Kowalcw8ky*8  acoc^unt  of  the  development  of  SofiUa  has  been  confirmed 
by  Butschlif*  who  has  further  determined  the  origm  of  the  reproductive  or- 
gans, which  arise  as  outgrowths  from  the  hypoblast ;  and  the  division  of  each 
nrimitivo  entcrocoele  into  two  socs— one  for  tne  head  and  another  for  the  body, 
it  appears  probable  that  the  latter  becomes  subdivided  by  a  transverse  parti- 
tion Detwecn  the  ovnrv  and  testis.  B&tschli  sufrgests  that  the  segmentation 
of  the  mesoblast,  which  forms  the  walls  of  the  enterocoele,  is  a  point  of  approxi; 
mation  between  Sagitta  and  the  Annelids. 

*  "  Zar  Entwickelongs^scbichta  der  Soj^ilta.'*     {ZeUtohrift  fur  toiu.  Zoologk, 
1878.) 


•r:r.--rr-"xr>.     nil     :;e    :eT*»»oDoaeBr    t 
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^<^.-.rt,»r-n     a    ^#»  risfc    t    k  jJedmB^  htui  -iB-  iaxn*  of  x  Lie- 
"^rhnirin     r   r:.rretiazaui.  'Here    a    l  .ipuuiuuus   laesDiieEB 
w*  ir h      nmr,i«*x    - !:i»   -inmcan     z    rce    .Jiiiuiiiie   '■■■iiwii  \i 
<r.t9  'hm    iiPw>ittf»rT3  SKT  :^.  unL  nrobaaAr  ia»  a  andnct  of 
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.-><»»-«*  -M-.f  Kin^  -A  in  -mil  m  -nresrcoHfc. 
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J,   A  '^^v >7  Tr>hin  thi»  meschiast.  zncre  or 

•^.   A  4ivArf.icnIi»m  ^>f  tim  fiigescive  cmTitT,  wiiick  ha&  bc- 
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m  9fr>rf/-h  f ^rA  ^.ii7ft/  ftffp^ars  oolj  late  (modified  cxferoeoBfa  or 
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4.  A  cavity  formed  by  invagination  of  the  ectoderm 
(epicoele). 

And  whether  any  given  perivisceral  cavity  belongs  to  one 
or  other  of  these  types  can  only  be  determined  by  working 
out  its  development. 

The  Nematoidea. — The  **Tli read-worms*'  have  elongated, 
rounded  bodies,  which  usually  taper  toward  one  or  both  ends; 
they  are  not  divided  into  segments,  and  they  are  devoid  of 
limbs,  though  they  may  occasionally  be  provided  with  seti- 
f  orm  spines  or  papillse.  In  DesmoscoleXj  the  papillae  and  setas 
acquire  an  almost  Annelidan  aspect,  and  the  annulation  of 
the  body  is  much  more  distinct  than  in  any  other  Nematoid 
Worm, 


Fia.  155.— AnaudUnla  brerlmlnw.    (After  Clans.) ' 

L  Male.  II.  Female.  III.  Female  geDital  organs.  IV.  Seminal  corposdeB  in  dif- 
ferent  Bta^»  of  ilevelopmenL 

o«  onophHfrnt ;  a^,  cliitlnized  oral  capsnle  ;  c,  gastric,  and  d,  rectal,  portion  of  the 
allmentarr  canal.  A,  anns;  gg^,  anterior  and  posterior  thickenings  with  their 
coramftfsareff  ;  O,  Mxnal  apertore  ;  F,  fatty-looking  viand  ;  r,  dilatation  of  the 
nteruH,  Berrini?  as  a  reccptacninm  seminis :  1>,  nnicelTnlar  cutaneous  glands  at  the 
anal  extremity ;  Z^,  glandular  masv,  with  its  excretory  duct  above  the  giszaid ; 
ov,  ovarium ;  7^,  testis  ;  S^  seminal  corpuscles. 

>  **  Uebcr  cinigc  in  UumuB  Icbendo  Anguillulinen.*'    {Zeittehrift  fur  win, 
Zoologie^  xU.) 
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Ttie  outermost  lajer  of  the  bcdy  is  a  dense  chiliaous 
cuticula,  usually  divisible  into  several  layers.  These  laven 
may  be  fibriUated,  the  direction  of  the  fibrillation  being  dif- 
ferent to  the  successive  layers.  Cilia  arc  found  oeitiier  on  the 
surface,  nor  elsewhere,  at  any  period  of  life.  The  noDth  is 
situated  at  one  extremity  of  the  body,  the  anus  at,  or  ne^r, 
the  other  end.  The  lirat  portion  of  tlie  alimentary  canal  is 
a  Ihick-n-alled  pharynx,  lined  by  a  continuation  of  the  chiti- 
nous  layer  of  tlie  integument,  which  may  be  raised  up  bto 
ridges  or  tooth-like  prominences.  Transverse  fibres,  appar- 
ently of  a  muscular  Daiaro,  radiate  from  the  lining  of  the 
pharynx  through  its  thick  wall,  and  probably  serve  to  dilate 
its  eavity.  A  straight  and  simple  tubular  alimentary  canal, 
without  any  distinction  into  stomoch  and  intestine,  extends 
through  the  axis  of  the  body,  a  narrow  ccsophageal  portion 
usually  connecting  it  with  the  pharynx. 

The  ondoderni,  or  wall  of  the  alimentary  canal,  consists 
of  a  single  layer  of  cells,  disposed  in  few  or  many  longitu- 
dinal series  ;  and  lined,  both  internally  and  extemaltj,  oy  a 
cuticular  layer.  On  each  side,  the  intestine  is  fixed  through 
its  whole  length  to  the  "  lateral  area,"  to  be  described  below. 
The  cuticle,  which  lines  the  inner  faces  of  the  endodennal 
cells,  and  circumscribes  the  digestive  cavity,  appears,  oa  verti- 
cal section,  to  be  divided  into  rods,  whicli  are  possibly  merely 
the  intervals  of  minute  vertical  pores.  In  some  cases,  muscu- 
lar fibres  invest  the  posterior  portion  of  the  intestine. 

liencath  the  layers  of  the  chitinous  cuticle  there  is  a 
proper  integument,  or  cctcwlorm,  internal  to  which  anin  is 
n  single  layer  of  longitudinal ly-djsposed  muscles,  whica  may 
or  may  not  be  divided  into  distinct  series  of  "muscle-cell*. 
Tlic  space  between  these  and  the  outer  face  of  the  intestine 
is  occupied  by  a  spongy  or  fibrous  substance,  which  must 
probably  be  regarded  as  a  kind  of  connective  tissue.  The 
muscles  and  this  tissue,  taken  together,  constitute  the  meso- 
derm. 

Iti  the  typical  Nematoi^ca,  the  musculnr  layer  does  not 
form  a  complete  investment  of  the  body,  but  is  interrupted 
along  four  equidistant  lon^tudinal  lines.  One  of  them  is 
termed  dorsal,  the  opposite  ventral,  and  both  these  are  veay 
narrow.  The  other  two  are  much  broader,  and  are  termed 
the  lateral  area^.  They  often  (Fig.  156)  present  two  or  more 
series  of  conspicuous  nuclei,  and  cneh  is  traversed  by  a  canal 
with  well-defined  contractile  wnlls  and  clear  contents.  Op- 
posite the  junction  of  the  cesophagcal  with  the  gastric  por- 
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tion  of  the  alimentary  canal,  each  of  these  lateral  canals  passes 
inward  and  toward  the  mid-ventral  line,  and,  joining  with  its 
fellow,  opens  by  a  pore  on  the  exterior.  In  some  cases,  con- 
tinuations of  the  lateral  canals  extend  forward  into  the  head. 
A  ring  of  fibres  and  nerye-cells  surrounds  the  gullet,  about 


Fio.  IW.^Oxyuris.—^^  month;  b.  pharynx  ;  e^  commencement  of  inteBilne,  and  d, 
its  termination.  The  intermeaiate  portion  is  not  figured.  <l  genital  apvrtnre ;  /, 
opening  of  vessels  ;  ^,  their  receptacle :  A,  one  of  the  vessels  ;  i,  cellular  matter 
enveloping  them.  A  portion  of  one  of  toe  contractile  vessels  is  represented  more 
highly  magnified  in  the  upper  figure. 

the  level  of  the  opening  of  the  water-vascular  system,  and 
gives  off  filaments  forward  to  the  head,  and  backward  to  the 
muscles  and  to  the  lateral  area  ;  while  two  cords  pass  back, 
along  the  dorsal  and  ventral  median  lines,  to  the  hinder  end 
of  the  body.  In  the  males  of  some  species,  nervous  ganglia 
have  been* observed  in  the  neighborhood  of  the  sac  of  the 
spicula.'  Organs  of  sense  are  not  certainly  known  to  exist, 
unless  the  pigmented  spots  on  the  nervous  ring  of  some  free 
Nematoids  have  this  character. 

The  Nematoidea  are  for  the  most  part  dioecious.  In  the 
females,  the  reproductive  aperture  is  usually  placed  toward 
the  centre  of  the  body ;  in  the  males,  it  is  always  situated  at 
or  near  the  posterior  extremity. 

The  female  apparatus  (Fig.  155,  III.)  consists  of  a  vagina, 
with  which  is  connected  a  single,  or  double,  elongated,  tubu- 
lar, organ,  which  tapers  to  a  point  at  its  blind  extremity,  and 
is  at  once  ovarium,  oviduct,  and  uterus.     The  caecal  end  is 

>  The  question  of  tho  structure  and  disposition  of  the  nervous  system  in  the 
NemaUndea  is,  perhaps,  not  even  yet  completelv  decided ;  but  there  is  much 
evidence  in  favor  of^what  is  here  stated.  See  licuckart,  "  Die  menschlichen 
Parasitcn ;"  the  monof^raph  of  Schneider,  cited  below ;  and  especially  BQtschli, 
"Beitrago  zur  Kenntniss  des  Nervensystems  der  Nematoden"  ("Archivftlr 
MiJur.  Anatomic/'  1878). 
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occupied  by  a  nucleated  protoplasmic  mass.  Further  on,  tUi 
mass  becomes  differentiated  into  an  azile  cord  of  protoplaEimc 
substance — the  rhachis — and  peripheral  maaaes,  each  conUiih 
inp^  a  nucleus  and  connected  by  a  stalk  with  the  rhaehu, 
which  are  the  developing  ova.  Still  further  on,  in  the  ori- 
ducal  portion  of  the  tube,  the  ova  become  free  ;  while,  in  the 
uterine  portion,  they  are  impregnated,  and  acquire  a  hard, 
often  ornamented,  shell. 

The  testis  is,  generally,  a  single  csecal  tube,  in  the  blind 
end  of  which  colls  are  developed,  much  in  the  same  way  as  in 
the  ovary :  they  become  free  in  that  part  of  the  tube  which 
plays  the  part  of  a  vas  deferens.  Contrary  to  what  happens 
in  most  animals,  these  spermatozoa  retain  the  character  of 
cells,  and  may  even  exhibit  amoeboid  movements.  The  defers 
ential  end  of  the  testicular  tube  opens  into  a  sac  close  to  the 
anus,  from  the  dorsal  wall  of  which  one  or  two  curved  chiti- 
nous  spicula  are  developed.  These  are  introduced  into  the 
vulva  of  the  female  when  copulation  takes  place,  and  appear 
to  distonil  it,  in  order  to  allow  of  the  free  passag-e  of  the  sem- 
inal corpuscles  into  the  vagina,  and  thence  into  the  uterus. 
In  the  fonmle  organs,  the  seminal  cells  undergo  further 
changes,  an«l  eventually  enter  into,  and  coalesce  with,  the 
substance  of  the  ova. 

Yelk-division  follows  impregnation.  The  oval  morula  be- 
comes inilented  on  one  side,  and  the  embryo,  as  it  grow?, 
folds  itself  in  accordance  with  this  indentation.  In  most,  it 
would  appear  that  the  central  cells  of  the  solid  morula  are 
differentiated  from  the  rest  to  form  the  endoderm,  which  thus 
arisen  by  delamination.  But  Blltschli  *  has  recently  shown 
that  the  morula,  which  results  from  the  division  of  the  vitellus 
of  Cuculhinus  elcgans^  has  the  form  of  a  flattened  plate,  com- 
posed of  two  layers  of  blastomeres,  the  blastocoele  being  re- 
duced to  a  mere  fissure.  The  lan^^llar  blastoderm  next  be- 
comes concave  on  one  side,  convex  on  the  other,  and  passes 
into  tlio  gnstrula  form.  The  blastopore,  at  first  very  wide, 
gradually  narrows,  and  appears  to  be  converted  into  the  oral 
opening  of  the  worm.  The  mesoblast  takes  its  origin  from 
certain  colls  of  the  hypoblast,  which  lie  close  to  the  mouth, 
and  grow  thence  toward  tlie  caudal  extremity.  The  resem- 
blance of  this  developmental  process  to  that  of  Ztumbricus  is 
obvious. 

»  "  Zur  Entwickeluncrsflreschichto  dca  Cueullantu  elrgans.''^  (ZeiUrhrift  fi& 
wiM.  Z')oloifif.^  1876.)  llallez  (**  licvuc  dos  Scioncos  Naturelles,"  1S77)  has  ob- 
Rcrvcd  a  Biinilar  procGss  in  AnffuUlula  aceti,  but  he  denies  that  the  blostopora 
becomes  the  mouth. 
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The  female  reproductive  apparatus  is,  at  first,  represented 
bj  a  solid  cellular  body  which  lies  in  the  mesoderm ;  though 
whether  it  originally  belongs  to  this,  or  to  the  ectoderm,  or 
to  the  endoderm,  is  not  clear.  The  cellular  body  acquires  a 
tubular  form,  and  eventually  opens  externally  by  uniting 
with  an  inward  process  of  the  ectoderm,  which  gives  rise  to 
the  vagina. 

The  young  cast  their  cuticle  twice — first,  when  they  leave 
the  eggj  and,  again,  when  they  acquire  their  sexual  organs. 

The  NemcUoidea  have  been  divided  into  three  principal 
groups  * — PolymyariOj  Meromyaria^  and  Holomyaria — char- 
acterized by  the  nature  of  their  muscular  system. 

In  the  Polymyariaj  the  muscles  of  the  parietes  of  the 
body  are  divided  into  many  series,  each  made  up  of  many 
**  muscle-cells."  In  the  Meromyaria  there  are  only  eight 
longitudinal  series  of  such  muscle-cells,  two  between  each 
lateral  area  and  the  dorsal  and  ventral  lines  respectively.  In 
the  Holomyaria  the  muscles  are  not  divided  into  series  of 
muscle-cells. 

The  first  two  divisions  contain  only  such  genera  as  an- 
swer to  the  general  description  just  given ;  but,  in  the  JBblO' 
fnyariUy  there  are  included  several  aberrant  forms.  Thus, 
Trichocephalus  has  no  lateral  areas;  Ichthyonema  has  no 
anus ;  Mermis  has  no  anus,  and  the  alimentary  canal  is  rudi- 
mentary, though  it  possesses  the  lateral  areas,  and  the  males 
have  spicula.  Gordiua  has  no  lateral  areas,  and  only  the 
ventral  line  ;  the  alimentary  canal  is  reduced  to  a  rudiment, 
without  either  oral  or  anal  aperture,  and  the  male  has  no 
spicula.  In  both  these  genera  the  anterior  ends  of  the  em- 
bryos are  provided  with  spines,  which  aid  them  to  bore  their 
way  into  the  bodies  of  the  insects  on  which  they  are  para- 
sitic. In  Sphcerularia  the  alimentary  canal  is  similarly  rudi- 
mentary, and  Sir  John  I^ubbock  discovered  that  the  small 
male  becomes  permanently  adherent  to  the  female. 

Some  Nematoidea  (e.  g.,  Leptodera^  Pelodera)  live  in 
water  or  damp  earth,  and  are  never  actually  parasitic;  but 
they  require  abundant  nitrogenous  food  in  order  to  develop 
their  sexual  organs,  and  hence  they  are  found  in  the  sexual 


and  several  memoirs  by  BQtHchli.  The  latter  atilrms  that  the  muscles  are  as 
much  made  up  of  muscle-cells  in  the  Holomyaria^  aa^  in  the  rest.  (^*  Giebt  ea 
Holomyarier  ?  '>    ZnUehriftfiir  wm.  Zoologte^  1873.} 
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state  only  among  putrefying  vegetable  or  animal  nuitttsk 
The  sexless  worms,  which  live  in  moist  earth,  are  at  once  at- 
tracted hy  nutriment,  such  as  a  few  drops  of  milk/    Here 
they  multiply  with  great  rapidity  as  long  as  the  store  of  food 
lasts ;   but,  when   it  is  exhausted,  the    last-hatched  youof 
wander  away.     In  the  course  of  their  wanderings,  the  em- 
bryos enter  into  their  larval  condition  ;  but,  before  doing  so, 
they  become  twice  as  large  as  those  which  attain  the  larval 
state  in  putrefying  substances.     The  embryonic  cuticle  be- 
comes thickened,  and  its  oral  and  anal  apertures  closed,  so 
that  it  forms  a  cyst  for  the  larva.     The  larva,  however,  is  not 
restrained  by  this  cyst  from  moving  about  and  continuing  iti 
wanderings,  though,  at  length,  it  passes  into  a  quiescent  con- 
dition.    Its  inner  substance,  at  the  same  time,  becomes  dark 
by  transmitted  light,  in  conseouence  of  the  accumulation  of 
small  fatty  granules  ;  and,  if  this  state  of  things  lastB  long, 
the  larva  dies.     If  the  larvse  should  dry  up,  the  circumstance 
tends  to  their  preservation.     The  embryonic  cuticle  is  sepa- 
rated, and  forms  a  protective  cyst ;  and,  when  moistened,  the 
larvaB  resume  their  vital  activity. 

Nematoid  worms  belonging  to  naturally  free  and  nonpara- 
sitic genera  may  enter,  and  become  encysted  in,  worms  and 
slugs  ;  but  they  only  attain  their  sexual  state  when  their 
host  dies,  and  they  arc  nourished  by  the  products  of  its  putre- 
faction. 

AngxiUlula  scandcn^^  the  Nematoid  which  infests  and  gives 
rise  to  a  diseased  condition  of  the  ears  of  wheat,  is  a  true 
parasite.  The  young  are  hatched  from  the  eggs  laid  by.the 
parent  in  the  infected  ear,  and  there  become  encysted.  When 
the  wheat  dies  down,  the  larvae  are  set  free,  and  wander  on 
the  moist  earth,  until  they  meet  with  young  wheat  plants,  up 
which  they  creep,  and  lodge  themselves  in  the  developing 
ears.  Here  they  acquire  the  sexual  condition,  nourishing 
themselves  at  the  expense  of  the  inflorescence,  which  becomes 
modified  into  a  kind  of  gall. 

Most  Ncmatoids  found  in  the  alimentary  canal  of  animals 
arc  parasitic  in  the  sexual  state,  but  have  a  longer  or  shorter 
period  of  freedom  as  larvae  or  as  eggs.  But  some,  as  Cucul- 
lamis  eleganSy  are  parasitic  both  in  the  sexless  and  the  sexual 
condition ;  inhabiting  Cyclops^  while  in  the  former  state,  and 
sundry  fresh-water  fishes,  particularly  the  Perch,  in  the  latter. 

Trichina  spiralis "  acquires  its  sexual  state  in  the  alimen- 

>  Schneider,  /.  <».,  pp.  862-' 3. 

1  Leuckort,  **  Untenuchungcn  tbcr  Trichina  ^piroUt^^  1S6S. 
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tary  canal  of  Man,  of  tbe  Pig,  and  other  mammals  ;  but  the 
young,  set  free  in  the  alimentary  canal,  bore  their  way  through 
its  wails,  and  enter  the  fibres  of  the  voluntary  muscles,  in 
which  they  become  encysted  in  the  sexless  state.  If  the  flesh 
thus  trichinized  be  eaten,  the  TrichinoB  are  set  free,  acquire 
their  sexual  state  in  the  alimentary  canal,  and  the  thousands 
of  embryos  which  are  developed  immediately  bore  their  way 
into  the  extra-alimentary  tissues  of  their  host. 

The  insect  parasites,  Gordiics  and  MermiSy  are  sexless 
so  long  as  they  are  parasitic ;  but,  when  they  have  attained 
their  full  growth,  they  leave  the  body  of  their  host,  acquire 
sexual  organs,  copulate,  and  lav  eggs.  From  these,  embryos 
proceed,  which  bore  their  way  into  tbe  bodies  of  insects. 

It  has  been  stated  that  the  Nematoidea  are,  for  the  most 
part,  diceoious.  Schneider  has,  however,  discovered  certain 
species  of  the  nonparasitic  genera,  Leptodera  and  Pelodera^ 
which  always  have  the  external  appearance  of  females,  but  in 
the  ovarian  tubes  of  which  spermatozoa  are  developed,  and 
impregnation  takes  place.  This  was  placed  beyond  doubt  by 
isolating  embryos  of  these  Nematoids,  and  tracing  out  the 
development  of  the  spermatozoa,  which  result  from  the  sub- 
division of  the  first  cells  developed  from  the  rhachis.  After 
a  time,  the  development  of  spermatozoa  ceases,  and  the  cells 
separated  from  the  rhachis  become  ova,  which  are  impregnated 
by  the  already  formed  spermatozoa.  These  Nematoidea  are 
probably  the  most  complete  and  necessary  hermaphrodites 
known  m  the  animal  kingdom. 

Aacaria  nigrovenosa  is  parasitic  in  the  lungs  of  Frogs  and 
Toads,  and  attains  a  length  of  three-quarters  of  an  inch.  It 
has  the  characters  of  a  female,  and  no  male  has  ever  been  met 
with,  but  spermatozoa  are  developed  in  the  ovaries  in  the  same 
manner  as  in  the  preceding  forms. 

The  eggs  of  this  Aacaria  are  discharged,  and  the  embryos 
find  their  way  into  the  intestines  of  the  Amphibian  in  which 
they  arp  parasitic.  Here  they  become  males  and  females 
which  are  very  much  smaller  than  the  hermaphrodite  form 
(not  exceeding  one-twentieth  cf  an  inch  in  length),  and  other- 
wise different  from  it.  They  are  evacuated  with  the  fieces  of 
the  frog,  and  passing  into  damp  earth  or  mud,  the  females 
give  rise  to  a  few  eggs.  Embryos  are  developed  from  these 
eggs  within  the  body  of  the  mother,  the  organs  of  which  they 
destroy,  until  her  cuticle  forms  a  mere  case  for  them.  The 
free  embryos,  introduced  into  the  Froff's  mouth,  pass  into  the 
lungs,  and  take  on  the  characters  of  the  large  hermaphrodite 
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forms.     It  is  not  unlikely  that  the  Guinea  worm  (j 
mediiiensis)^  which  infests  the  integument  of  Man  in 
mutes,  may  answer  to  the  hermaphrodite  sta^  of  a  si 
dimorphous  Nematoid,  though  its  multiplication  has  h 
been  supposed  to  take  place  agamogeneticallj. 

The  many  points  of  resemblance  between  the  JVi 
dctiy  the  OUgochcBtay  and  the  Pclychatay  have  been  in< 
by  Schiieiiler.  They  differ,  however,  from  these  no  lea 
from  the  Turbellaria  and  Jiotifera^  in  possessing  only 
tudinal  parietal  muscles.  In  this  respect  they  agre 
Jihamphogordiua  and  I^olygordius  (united  by  Schneid 
the  group  of  Gymnotoma)^^  which  are  segmented  i 
devoid  of  sctn^,  but  possessing  mesenteries,  segmental  c 
and  pseud-haemal  vessels.  Polygordiua  has  a  telotn 
larva,  and  in  its  development,  as  in  other  respects,  it 
traordinurily  like  a  polyclisetous  Annelid. 

BlUschli,*  on  the  other  hand,  dwells  upon  the  conn 
hotwccii  the  Nematoidea  and  the  Gasterotricha  {see 
IV.,  p.  KO)  and  Atricha  {Echinodcres)^  which  he  inclu 
the  group  of  JSTematorhyncha,  on  the  one  side,  and  the 
Arthropods,  such  as  the  Tardigrada^  on  the  other. 

The  Piiysemarta. — Since  the  completion  of  the 
chapter  of  this  work,  Ilaeckel  *  has  published  an  accov 
certain  low  Metnzoa^  constituting  the  two  genera,  Ha< 
soma  and  Gastrophysemay  which  had  previously  beer 
founded,  partly  with  the  Sponges  and  partly  with  the 
tozoa. 

These  are  minute  marine  bodies,  having  the  form  of 
with  longer  or  shorter  stalks,  by  which  they  are  atta 
The  cavity  of  the  cup  into  which  the  wide  or  narro^ 
opening  leads  is  either  simple  { Hal iphysema)  or  diyidi 
circular  constrictions  into  two  or  more  communicating  < 
bers  ( (waatrophyscma).  The  wall  is  composed  of  two  h 
an  ectoderm  and  an  endoderm — the  latter  being  fom\ed 
single  layer  of  flagellate  cells,  like  those  of  sponges  ;  i 
scries  of  larger  flagellate  cells  are  disposed  in  a  spiral,  o 
inner  face  of  the  endoderm  near  the  mouth.  The  ectc 
is  a  syncytium,  which  attaches  foreign  bodies,  such  as  sj 

»  Fief  fupra^  p.  165,  note. 


•  "Untorsuchunecn  ttber  frcilebcnde  Nematoden  und  die  Oattung 
otu9.''     {Zirit9chrift  /ur  wi*8.  Zoologies'  1876.)    Set  also  Ludwig,  »* 
ie  Onlnunflr  Gastrritncha "  (ibid.V 


noti 
die 

»  "BiologUcho  Studicn,"  Hoft  2,  1877. 
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spicula  or  skeletons  of  JFbraminiferaj  to  itself,  and  thus  be- 
comes provided  with  an  adventitious  skeleton,  the  nature  of 
which  varies  in  different  species,  but  is  constant  for  each. 
Reproduction  is  effected  by  ova,  which  are  said  to  be  modi- 
fied cells  of  the  endoderm.  In  Oastrophysemay  the  endo- 
derm  of  the  innermost  chamber  alone  gives  rise  to  ova.  The 
place  of  development  of  the  spermtitozoa  has  not  been  made 
out. 

Yelk-division  is  complete  and  regular,  and  gives  rise  to  a 
vesicula  morula  {archibla^ula  of  Haeckel),  each  cell  of  which 
is  provided  with  a  flagellate  cilium.  A  gastrula  arises  by  in- 
vagination, but  the  final  stages  of  development  have  not 
been  made  out. 

As  Haeckel  points  out,  the  Physemaria  are  obviously  re- 
lated, on  the  one  hand  to  the  JPorifera^  and  on  the  other  to 
the  Ccelenterata ;  in  fact,  they  very  nearly  represent  the 
morphological  common  plan  of  which  these  two  groups  are 
modifications. 

The  Acanthocephala. — In  their  sexual  state  the  para- 
sites which  constitute  the  genus  JEchinorhynchus  inhabit  the 
various  classes  of  the  Vertehratay  while  they  are  found  in 
the  Inveriebrata  only  in  a  sexless  condition. 

The  EchinorhynchuB  of  the  Flounder  (Fig.  157),  the 
structure  of  which  may  serve  as  an  illustration  of  that  of  the 
group,  inhabits  the  rectum  of  that  fish,  which  it  pierces  in 
such  a  manner  that  the  anterior  extremitv  or  head  projects, 
inclosed  within  a  cyst,  upon  the  peritoneal  surface,  while  the 
body  hangs  freely  into  the  cavity  of  the  intestine.  Where 
the  worm  traverses  the  wall  of  the  rectum  it  presents  a 
much  constricted  neck  (Fig.  157,/).  It  would  appear  that, 
eventually,  the  JEchinorhynchi  completely  pass  out  of  the 
intestine,  as  thev  are  found  inclosed  in  detached  cysts  lying 
in  the  peritoneal  cavity.  The  anterior  extremity  of  the  JEchi- 
norhynchus is  produced  into  a  short  cvlindrical  proboscis, 
covered  with  many  rows  of  recurved  hooks,  and,  behind  this, 
it  forms  a  dilatation,  in  which  the  integument  and  the  mus- 
cular coat  are  separated  by  a  considerable  interval.  The 
body,  behind  the  constricted  neck,  which  separates  it  from 
this  anterior  dilatation,  has  a  thick,  yellowish  outer  wall, 
between  which  and  the  inner  muscular  tunic  lies  a  system  of 
vessels,  consisting  of  two  longitudinal  trunks,  connected  by 
a  network  of  anastomosing  canals. 

Those  canals  do  not  appear  to  possess  distinct  walls,  nor 
24 
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the  vcssf-ls  all  terminate  in  blind  canals,  disposed  arousd  the 
marjrin  of  the  posterior  funnel.  Internal  to  the  vessel  lies  a 
double  larf-r  of  anastomosing  muscular  fibrils,  the  external  of 
ivhich  are  rircular,  while  the  internal  are  longitudinal.'  TTie 
cavity  of  the  body  is  filled  with  a  fluid,  in  which  the  ova,  or 
siK^rmato^toa,  float,  and,  at  its  anterior  extremity,  two  elon- 
gatoil  oval  bodies  depend  from  the  parietes,  and  hang  freely  in 
it.  These  arc  the  hmniffi ;  they  are  traversed  by  vessels 
continuous  with  those  of  the  parietes.  The  axis  of  the  pro- 
lioscis  is  continued  downward  into  on  elongated  subcylindricat 
stem,  rounflcfl  below,  which  hangs  down  like  a  handle  into 
the  cavity  of  the  body.  The  extremity  of  the  stem  is  con- 
nrrcted  by  broad  retractor   muscles   with   the  pariet«s,  and 
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gjivca  attachment  to  the  suspensory  ligament  of  the  repro- 
ductive apparatus  (Fig.  157,  B).  Two  other  bands  are  atr 
tached  a  little  above  these,  and  run  obliquely  forward  to  the 
parietes  ;  they  are  not  mere  muscles,  as  they  are  ordinarily 
described,  but  contain  a  wide  vessel,  continuous  with  a  large 
sinus,  which  separates  the  axile  portion  of  the  stem  of  the 
proboscis  from  its  investing  coat.  In  the  axis  of  the  stem  of 
the  proboscis  is  the  oval  ganglion,  which  sends  off  some  small 
branches  upward,  and  two  larger  lateral  trunks,  which  can 
be  followed  into  the  vessels  of  the  oblique  bands ;  and,  in 
other  species,  have  been  traced  to  the  walls  of  the  body  and 
to  the  genital  openings.  Two  ganglia  have  been  found  by 
Schneider  in  this  region  in  the  males. 

There  is  no  mouth  or  alimentary  canal  in  JEkhinorht/nchuSy 
the  animal  bein^  probably  nourished  by  imbibition  through 
the  walls  of  the  body.  The  reproductive  organs  are,  both  in 
the  male  and  in  the  female,  attached  by  a  suspensorv  liga- 
ment to  the  extremity  of  the  proboscis,  and  extend  thence, 
through  the  axis  of  the  body,  to  the  posterior  extremity. 
Here  they  open  in  a  papilla  at  the  bottom  of  a  funnel-shaped 
terminal  dilatation  of  the  body,  which  exists  both  in  the  male 
and  in  the  female,  though  it  is  much  more  marked,  and  sepa- 
rated by  a  constricted  neck  from  the  body,  in  the  former. 
On  each  side  of  the  papilla  is'  an  organ  which  has  much  the 
appearance  of  a  sucker,  but  which  is  apparently  noncontrac- 
tUe,  while  the  funnel  itself  undergoes  constant  and  rhythmi- 
cal contractions. 

In  the  male  the  testes  are  two  oval  sacs,  one  behind  the 
other,  connected  by  vasa  deferentia,  often  provided  with  pe- 
culiar accessory  glands,  with  the  genital  outlet,  which  is  pro- 
vided with  a  long  penis.  In  the  female  the  ovary  is  a  single, 
long,  thin-Wiilled,  cylindrical  tube,  the  anterior  end  of  which 
is  usually  empty  for  a  short  distance.  Further  back,  clear, 
pale,  rounded  masses  appear,  containing  cavities  in  which  cor- 
puscles, like  the  germinal  spots  of  ova,  lie.  More  posteriorly 
still,  these  masses  become  elliptical,  and  are  surrounded  by  a 
membranous  coat,  which  gradually  thickens,  and  gives  rise  at 
each  end  to  a  spiral  filament  which  surrounds  the  inclosed 
egg.  The  ova  thus  constituted  then  pass  into  the  cavity  of 
th3  body,  where  they  accumulate  in  great  numbers ;  but,  in 
this  species,  I  have  not  found  the  free  floating  ovarian  masses 
described  in  other  Echinorhynchi,  From  the  lower  end  of 
the  ovarium  two  short  oviducts,  or  rather  spermiducts,  arise, 
and  almost  immediately  unite  into  a  sort  of  uterus,  which  is 
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in  each.  The  two  senes  meet  near  the  middle  line  to  form 
an  arch,  the  central  and  largest  spine  constituting  its  summit. 
Two  short,  ridge-like  elevations  of  the  cuticle,  close  to  the 
middle  line,  separate  the  spines  on  either  side  from  one  an- 
other. Behind,  the  peripheral  layer  gives  rise  to  a  knob-like 
process. 

At  the  end  of  fourteen  days,  the  embryo  is  found  to  have 
increased  much  in  size,  but  presents  few  changes  of  form. 
The  anterior  extremity  displays  two  rounded  elevations,  the 
spines  retaining  their  original  position.  The  peripheral  layer 
has  become  thicker  and  more  distinct ;  its  knob-like  process 
has  by  this  time  disappeared.  The  central  mass,  now  much 
larger,  has  assumed  a  spherical  figure.  No  longer  granular, 
it  is  seen  to  be  composed  of  numerous  pale  cells,  which  con- 
tinue rapidly  to  increase. 

During  the  third  week,  numbers  of  large  yellow  granules 
begin  to  appear  within  the  outer  layer  of  the  embryo.  No 
other  changes,  save  those  of  growth,  take  place  in  its  walls  : 
but  the  central  mass,  still  continuing  to  enlarge,  gradually 
puts  on  the  aspect  of  a  young  JEchinorhynchus.  This  mode 
of  development  has  been  compared  by  Lcuckart  to  that  of 
certain  Echinoderms,  or  to  the  production  of  the  Nemertid 
larva  within  its  pilidium. 

The  first  part  to  become  differentiated  is  the  cavity  of  the 
future  proboscis,  which  appears  as  a  transparent  lenticular 
vesicle  at  the  anterior  end  of  the  spherical  mass.  Behind  this 
are  soon  seen  rudiments  of  the  central  axis  and  its  contained 
ganglion ;  and  the  suspensorial  ligament,  with  the  reproduc- 
tive organs,  are,  at  the  same  time,  marked  out.  The  muscles 
of  the  outer  wall  have  also  commenced  their  development. 
Next,  the  central  region  of  the  young  Echinorhynchue  rapid- 
ly elongates ;  its  walls  become  thinner,  and,  separating  from 
the  included  structures,  show  the  first  trace  of  the  visceral 
cavity.  About  this  time  distinctions  of  sex  first  make  them- 
selves evident.  The  posterior  end  of  the  body  undergoes  a 
disproportionate  increase  of  size,  the  muscles  become  more 
distinct,  and  the  rudimentary  generative  organs  are  clearly 
manifest.  At  length  the  young  Echinorhynchua  occupies 
almost  the  whole  interior  of  the  embryo,  the  walls  of  which 
have,  meanwhile,  undergone  but  slight  histological^  change. 
The  spines,  however,  have  disappeared,  together,  it  would 
seem,  with  the  cuticle  to  which  they  were  attached.  No  rup- 
ture of  the  other  embryonic  structures  takes  place,  but  they 
gradually  attach  themselves  to  the  body  of  the  contained 
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SchinorhynchuBj  beooming  closely  fitted  to  its  Bur&oe,  and 
apparently  persuitiDg  throughout  its  entire  life.  The  defel- 
opment  of  tiie  Schin<^hyncku8  now  approaohes  completicm. 
The  lemaisci  appear.  Hooks  arise  on  the  surfaoe  of  uie  pro- 
boscis, not,  as  might  be  supposed,  from  its  outer  cuticle,  out 
from  specially  modified  ceUs  of  an  inner  membrane.  Hie  in- 
ternal organs  begin  to  assume  their  final  aspect.  The  ex- 
ternal form  of  the  adult  oiganism  is  rather  slowly  reached, 
and  a  few  changes  which  take  place  after  transference  of  the 
JEkhinorhynchua  to  its  final  host  hare  yet  to  be  observed. 

The  Acanihoc^hala  undoubtedly  present  certain  resem- 
blances to  the  Nematoidec^  and  more  particulariy  to  the  Oor- 
diaeeaj  but  the  fundamental  differences  in  the  structure  of 
the  muscular  and  nervous  system,  and  in  that  of  the  repro- 
ductive organs,  are  so  great,  that  it  is  impossible  to  regard 
them  as  Nematoids  ndaich  have  undeigone  a  retic^pressive 
metamorphosis.  In  their  case,  as  in  that  of  the  VesUndea 
and  that  of  the  Dicyemiday  it  is,  I  think,  desirable  to  keep 
one's  mind  open  to  the  possibility  that  anenterous  parasites 
are  not  necessarily  modifications  of  free,  enterate  ancestors. 

The  Dicyshid^ — In  1830,  Krohn  discovered  certain  cili- 
ated filiform  parasites  in  the  renal  organs  of  Cephalopods, 
to  which  Kolliker  subsequently  gave  the  name  of  Dicyema. 
Recently,  these  strange  organisms  have  been  made  the  subject 
of  renewed  investigation  by  E.  van  Beneden,  from  whose 
elaborate  memoir '  I  take  the  following  account  of  their 
structure : 

The  body  of  a  Dicyema  (Fig.  158, 1.)  consists  of  one  large, 
cylindrical,  or  more  or  less  fusiform,  aasial  ceUy  which  extends 
from  the  slightly-enlarged  head-end,  by  which  the  animal  is 
attached,  to  its  posterior  extremity,  and  is  invested  by  a 
single  layer  of  relatively  small  flattened  cortical  ceUs,  These 
are  arranged,  like  a  pavement  epithelium,  around  the  axial 
cell,  their  edges  being  juxtaposed ;  they  are  nucleated,  and 
their  free  surfaces  are  ciliated.  There  is  no  interspace  be- 
tween the  cortical  cells  and  the  axial  cell,  and  the  organism 
is  a  simple  cell-aggregate,  devoid  of  connective,  muscular,  or 
nervous  tissues. 

The  cortical  cells  which  invest  the  anterior  or  head-end 
of  the  Dicyema  have  peculiar  characters,  and  are  distin- 
guished as   the  polar  cells.     They  are  arranged  in  such  a 

>  **  Recherchoa  sur  les  Biojeinides."    (^*  Bulletin  de  I'Acad.  Boyale  de  Bel- 
gique,"  1876.) 
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manner  that  the  head  is  bilaterally  symmetricaL  Sometimes 
the  polar  cells  constitute  the  whole  of  the  cephalic  enlarge- 
ment ;  buty  in  others,  cells  of  the  adjacent  part  of  the  body 
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Fio.  Ifia—Mcyema.— L  D.  tmmt, 
serms  in  tne  interior  of  tne  ui 


The  Urge  papillc  of  the  cortical  lajer  and  the 
axlil  cell  are  noticeable, 
n.  '2>.  ^fpv$.    Different  stages  of  the  dereloimient  of  a  rermifonn  germ, 
ni.  Inraaorlform  embrro  found  free  in  the  renal  organs  of  Eieckme  mo$ekaitL  treated 
with  osmic  add:  jp,  the  am:  «a,  its  capsole;  «,  its  lid;  i,  moltinncleate  cells  in  its 
interior.    (After  van  Beneden,  /.  c.) 

(parapolar  cells)  contribute  to  the  investment  of  the  head. 
Strongly-refracting  globules  and  rods  accumulate  in  some  of 
the  ectodermal  cells,  and  cause  them  to  project  in  the  form 
of  papilhe. 

The  axial  cell  is  a  mass  of  protoplasm.  Its  relatively 
dense  outer  layer  passes  into  a  central  reticulation,  in  the 
midst  of  which  there  is  a  large  oval  nucleus. 

Reproduction  trices  place  by  the  formation  of  germs,  and 
the  development  of  emliryo  firofn  them,  in  the  axial  celL  The 
embryos  are  of  two  kinds,  the  one  vermiform,  the  other  in- 
fusoriform,  and  arv;  n^/t  imti  with  in  the  same  IHcyema^  but  in 
individuals  of  iorrtewliMtt  diflT^ffffit  ahftn^sUitn,  Those  which 
give  rise  to  the  x^irmiUmn  *itti\fry'm  are  UsftnaA  NknuUogena^ 
while  the  otbers  mr^t  tmrn^  Hl*/mihi^g^.na, 

In  the  y^rn/U^^^.n/i^  ihft  $[*ttmn  imm  in  the  protoplasmic 
reticulum  of  iK^  n%hA  ^'Mt^  Mf^i^  i»i  fmd^  are  minute  spherical 
bodies,  ea^  ^4  whu4$  h$  fff^/Yi^M  with  a  imeletis.  lliis  germ- 
cell  dirid'^  i»</y  tw%  4u/4  *^M^4t  '4  ii^^im  mg^u  beooming  bi- 
sected, f'/w  ^'AtlW  Mf*i  ^tA*^'^Af  «4  wbi/;h  one  remains  undi- 
vided, wbil*^  ti.Mr  /'M  i^v  'M4  4i)th>i'nt^,  'Yiui  former  ealnrge^, 
and  fnY^r*  ru^,  i//  it**  ut^'is^  4><  jf^  ar'^iwi  whi<;b  tbe  other  cells 
arrange  ih^»u^if^f  *ti4Ut  (t^^^^uiuMy  iimy  isuAo§e  it    Before 
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they  meet,  they  surround  an  opening  thfough  which  one  end 
of  the  axial  cell  protrudes.  This  oorreaponds  with  the  oral 
pole. 

Before  the  young  Dicyema  thus  developed  leaves  the 
body,  which  it  generaUy  does  by  traversing  the  oral  pole 
(though  it  may  make  its  way  out  through  the  parietes),  two 
embryos  of  the  same  kind  appear  within  its  axial  cell. 

Thus  the  nematogenous  Dicyema  gives  rise  by  agamo- 
genetio  process  to  new  Dicyemaa. 

In  the  Rhombogena  the  germs  are  developed  in  from  two 
to  five  special  nucleated  parent  cells,  the  origin  of  which  is 
not  known.  They  are  found  imbedded  in  the  protoplasm  of 
the  axial  cell,  and  the  germs  are  developed  endogenously 
from  the  protoplasm  of  the  parent  cell,  the  nucleus  of  whicm 
remains  unchanged.  The  germs  undergo  division,  and  be* 
come  spheroidal  bodies  composed  of  two  kinds  of  qbUs,  small 
and  large.  Each  of  these  bodies  is  converted  into  an  infu- 
soriform,  bilaterally  symmetrical  embryo,  which  consists  of 
an  urn^  a  ciliated  oody^  and  two  refractive  bodies. 

The  urn,  situated  on  the  ventral  side  of  the  embryo,  is 
composed  of  a  capsule^  a  lid^  and  contents. 

The  latter  are  four  granular  masses,  each  of  which  con- 
tains many  nuclei,  and  eventually  becomes  covered  with  cilia. 
The  refractive  t>odies  take  their  origin  in  two  adjacent  cells. 
They  partially  cover  the  urn  in  front,  and  form  the  largest 
portion  of  the  dorsal  face  of  the  embryo.  The  ciliated  body 
consists  of  ciliated  cells,  and  forms  the  caudal  portion  of  the 
embryo. 

While  the  vermiform  embryo  becomes  a  Dicyema  in  the 
body  of  the  Cephalopod  on  which  its  parent  is  parasitic,  the 
infusorif orm  embryo  is  set  free,  and  probably  serves  as  the 
means  by  which  the  parasite  is  transmitted  from  one  Cepha- 
lopod to  another. 

Professor  E.  van  Beneden  compares  the  cortical  layer  of  a 
Dicyema  to  the  ectoderm,  and  the  axial  cell  to  the  endoderm 
of  a  Metazoon ;  and  the  mode  of  production  of  the  embryo 
to  the  process  of  epiboly  in  the  Metazoa.  But,  from  the 
complete  absence  of  any  mesoblastic  layer,  he  proposes  to 
establish  a  new  division  of  Mesozoay  intermediate  between 
the  Protozoa  and  the  Metazoa^  for  the  Dicyemida. 


CHAPTER  XII. 

THE  TAXONOMY   OF   INVEBTEBRATED   ANIMALS. 

The  grouping  of  the  various  kinds  of  invertebrated  ani- 
mals which  has  been  adopted  in  the  preceding  pages  is  to  be 
regarded  merely  as  a  temporary  arrangement.  Each  chapter, 
from  the  second  to  the  tenth,  is  devoted  to  a  series  of  forms, 
the  morphological  relations  of  which  arc  more  or  less  obvi- 
ous, while  Chapter  XI,  is  reserved  partly  for  such  groups  as 
do  not  readily  find  a  place  in  any  of  the  series  which  precede 
them;  and,  partly,  for  such  as  have  been  established  since 
this  work  was  commenced. 

Our  knowledge  of  the  anatomy,  and  especially  of  the 
development,  of  the  InvertebrcUa  is  increasing  with  such  pro- 
digious rapidity,  that  the  views  of  Taxonomists  in  regard  to 
the  proper  manner  of  expressing  that  knowledge  by  classifi- 
cation are  undergoing,  and,  for  some  time  to  come,  arc  likely 
to  undergo,  incessant  modifications. 

To  the  beginner,  who  is  apt  to  make  the  mistake  of  look- 
ing upon  classification  as  the  foundation  and  essence  of  mor- 
phology, instead  of  what  it  really  is,  the  superstructure  and 
outcome  thereof,  this  state  of  things  is  distressing.  Every 
hand-book  presents  him  with  a  different  system  of  classifica- 
tion, and  he  may,  not  unnatiurally,  despair  of  finding  any 
stability  in  a  science,  the  most  general  results  of  which  are 
capable  of  being  stated  in  such  very  different  ways.  If,  how- 
ever, the  student  will  attend  to  the  facts  which  constitute  the 
subject-matter  of  classifications,  rather  than  to  the  modes  of 
generalizing  them  which  are  expressed  in  taxonomic  systems, 
he  will  find  that,  however  apparently  divergent  these  systems 
may  be,  they  have  a  great  deal  in  common. 
*  It  is  possible  to  divide  invertebrated  animals  into  a  certain 
number  of  groups,  each  of  which  will  be  admitted  by  every 
uiorphologist  to  be  in  itself  a  perfectly  natural  assemblage 
That  is  to  say,  all  the  forms  thus  associated  together  will  re- 
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semblo  one  another,  and  will  differ  from  all  other  animalw  in 
certain  respects.  Each  such  assemblage  is,  in  fact,  a  **  nat- 
ural order  "  in  the  sense  in  which  that  word  is  used  bj  bota- 
nists ;  and,  although  the  number  of  these  natural  orders  maj 
be  increased  by  the  discovery  of  new  forms,  or  dimioished  1^ 
the  ascertainment  of  closer  bonds  of  union  than  are  at  present 
known  to  exist  between  the  orders  already  discriminated, 
yet,  the  morphological  types  which  they  represent  will  al- 
ways remain  ;  and,  therefore,  the  knowledge  of  their  charac- 
ters, once  acquired,  will  be  a  permanent  possession. 

It  is  not  needful  that  these  natural  orders  should  be  mor- 
phologically, still  less  numerically,  equivalent ;  and,  in  form- 
ing them,  it  is  more  important  that  similarities  should  xiot  be 
neglected,  than  that  differences  should  be  overlooked.  Those 
which  have  been  recognized  in  the  preceding  pages  are  enu- 
merated in  the  following  list,  arranged  in  sections  correspond- 
ing with  the  chapters  m  which  they  are  discussed.  Under 
the  head  of  each  section  I  shall  proceed  to  make  such  obser- 
vations as  have  been  suggested  to  me  by  new  information  or 
by  further  reflection,  during  the  progress  of  this  work. 

Section  I. — Monera  [Foraminifera]  \Heliozo(i\y  Radio- 
laria^  Protoplasta^  Gregarinidce^  CataUacta^  Infusoria  [  Opa- 
lininay  Ciliata^  FlageUata^  Tentactdifera]. 

Section  II. — JPorifera^  Bydrozoa^  (foraUigena  [Cteno- 
phora]. 

Section  III.  —  Turbellaria,  Rotifera  \^Nematorhyncha\ 
Trematodaj  Cestotd^a. 

Section  IV. — Hirudineay  OligocTuBta^  Polychceta^  Gephy- 
rea. 

Section  V. —  CrustaceOy  Arachntda  [JPycnogonida^  Tardi- 
graday  Penta8tomida\  Myriapoday  Insecta. 

Section  VI. — Polyzoa^  Brachiopoda^  LameUibranchiatc^ 
Odontophora. 

Section  VII. — Echinodermata, 

Section  VIIL —  Tun  icata. 

Section  IX. — PeripcUideay  Myzostomata^  EnteropneuUa^ 
ChcBtognathay  NematoideOy  PhysemaHay  Acanthoeephak^ 
Dicyemida. 

• 

Section  I. — In  the  commencement  of  Chapter  IL,  I  have 
expressed  a  doubt  as  to  the  validity  of  the  distinction  of  the 
groups  contained  in  this  section  by  the  presence  or  absence 
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of  a  nucleus,  and  the  recent  investigations  of  Schulze '  and 
Hertwig '  have  justified  mj  hesitation.  These  observers  have, 
in  fact,  demonstrated  the  existence  of  one  or  more  nuclei  in 
many  JFbraminifera  {Entosalenia^  PolystomeUa^  JRotaliay 
TextiUariay  some  Miliolidoe).  These  nuclei  may  be  simple 
or  multiple ;  in  the  latter  case,  they  have  no  special  relation 
to  the  cameration  of  the  skeleton,  and  they  are  single  in  the 
young. 

The  discovery  of  the  nuclei  was  effected  by  treating  the 
Foraminifera  in  which  they  were  found  in  a  special  manner; 
and,  considering  the  negative  results  at  which  the  best  ob- 
servers of  the  Foraminifera  have  hitherto  arrived,  and  the 
fact  that  the  other  Monera  have  not  been  investigated  by 
the  same  methods,  it  will  probably  be  wise  to  consider  the 
question  of  the  nonexistence  of  a  nucleus  in  them  as  an  open 
one. 

Hertwig  proposes  to  include  all  the  Rhizopods  which  are 
invested  by  a  coat  of  chitin,  or  by  siliceous  or  arenaceous  par- 
ticles, or  which  possess  a  skeleton,  under  the  head  of  JTiala- 
mophora  ;  but  the  name  of  Foramin'^fera  is  now  so  widely 
accepted  and  so  long  established  that  I  cannot  but  think  that 
the  better  course  is  to  retain  it. 

I  have  included  the  Actinophryida  and  the  similar  forms 
found  in  fresh  water,  and  provided  with  Eadiolarian  skele- 
tons, with  the  marine  Madiolaria, 

Hertwig  and  Lesser,*  however,  in  their  important  mono- 
graph upon  the  Rhizopods,  have  stated  reasons  for  separating 
the  former  as  a  distinct  group  (the  Heliozoa  of  Haeckel), 
though  their  conclusion  that  there  are,  at  present,  no  grounds 
for  assuming  even  a  remote  relation  between  the  Meliozoa 
and  the  Radiolaria  (I,  c,  p.  159)  appears  to  me  to  have  no 
sufficient  warranty. 

The  JSeliozoa  are  defined  by  these  authors  to  be  unicellu- 
lar organisms,  which  occasionally  become  multicellular,  or  at 
any  rate  multinucleate,  by  the  multiplication  of  the  nucleus. 
They  are  usually  spheroidal  and  free,  but  some  are  fixed  by 
means  of  a  stalk.     In  most,  the  protoplasm  of  which  they  con- 

» **  Rhizopoden-Studien,  VI."    ("  Arohiv  ftir  Mikr.  Anatomie,"  1876.) 
,     3  **  Bemerkunffon  zur  Oivanisation  und  Bystematischen  SteUtmg  der  Forami- 
niferen."    (JenaueAs  Zeittehrift^  1876.) 

»  "  Ueber  Rhizopoden  und  denselben  naheRtehenden  Onraiiismon."  ("  Ar- 
chiv  far  Mikr.  Anat,,"  Bd.  x.,  Supplementheft,  1866.)  Full  references  to  the 
literature  of  the  subject  will  be  found  in  this  memoir  and  in  Dr.  Carpenter's 
''  Introduction  to  the  Study  of  the  Foraminifera,"  1862. 
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siflt  18  differentiated  into  a  cortioai  and  a  medullary  aabatapee 
(ectosaro  and  endosarc).  The  shar^neflu  of  demaication  <rf 
the  eotosarc  from  the  endoearo  yanes.  In  Aatinophrj^  md 
the  two  pass,  imperoeptibty,  one  into  the  other ;  in  Aetmih 
sphcBrium^  the^  dbange  from  the  eotosaro  into  the  endoearo 
takes  place  within  a  narrow  lone,  everjwhere  equidiataiit 
from  the  centre.  The  line  of  separation  between  the  endo- 
sarc and  the  ectosaro  is  best  defined  in  the  AeanihoesftHdmf 
HeUrophryidm^  etc.,  but  it  arises  only  from  a  diffisrentiation 
of  the  protoplasm,  and  not  from  the  development  of  a  defi- 
nite membranous  investment  around  the  endoaara  The  nu- 
clei lie  in  the  endoaara  When  only  one  exists  it  is  unially 
eccentric,  and,  when  there  are  many,  they  are  scattered  meg- 
ularly.  The  ectosaro  contains  contraotile,  and  sometimea  non* 
contractile,  vacuoles,  which  last  may  also  be  met  with  in  the 
endosarc.  The  pseudopodia  are  thin,  filiform,  and  radiate 
from  the  body ;  sometimes  their  surface  presents  moving 
granules.  They  rarely  branch  or  anastomose.  In  many  cases 
tlioy  present  an  axial  substance  which  may  be  traced  as  far  as 
the  endosarc.  The  silecious  skeleton  may  consist  of  separate 
spicula  or  form  a  continuous  shell. 

The  Ileliozoa  propagate  by  simple  division  with  or  with- 
out previous  cncystation  ;  and  the  products  of  division  may 
or  may  not  bocomo  encysted.  They  may  either  pass  directly 
into  the  adult  state  or  l>ecome  monadiform  active  larvae,  pro- 
vided with  two  flaj^ella,  a  nucleus  and  contractile  vesicle, 
which  in  course  of  time  develop  into  the  parent  form.' 

A  completely  new  light  has  been  thrown  upon  the  vexed 
question  of  the  supposed  sexual  method  of  reproduction  of 

„.  *  4*  *^i«  cli*P*^''  ^**  PMsing  through  tho  press,  Ilcrtwiif's  monoirmph  "  Zur 
Ilistoloprie  dor  KAdiolarion  "  has  come  into  my  hands.  Tho  HadMarM  vn  de- 
fined as  fihizopods  with  pointed,  branched,  usually  anastomosing  and  grnnnlar 
pseudopodia,  which  proceed  from  a  protoplasmic  bodv  inclosing  eitber  nn- 
incrous  small  heterogeneous  nuclei,  or  a  single  larger  highly-differentiated  ve- 
sicuhir  nucleus.  The  protaplasm  of  the  bodv  is  further  separated  into  a  po- 
npheral  non-nucleated  and  a  central  nucleated  portion,  by  a  membranooa  oapaule 
with  porous  walls.  Tho  ca|)sule  is  invested  by  a  homogeneous  gelatinous  sub- 
stai^ ;  the  extracapsular  protophksm  usually  contains  numerous  yellow  cells. 
Propagation  is  effected  (probably  alwavs)  by  the  breaking  up  of  the  bodr 
mto  unicellular  monadiform  embryos  provided  with  a  single  flagellora.  As  a 
result  of  these  investigations,  Hertwig  admits  that  the  Radiolaria  and  the 
Mdtozoa  are  closely  allied,  and  even  suggests  that  the  name  of  BcuHolana 
should  apply  to  both  groups,  which  would  then  form  the  subdivisions  of  Hdimoa 
And  Cylophora,  The  Radiolaria  {Gvtophora^  are  distinguished  into  OMmoa 
(with  numerous  small  nuclei)  and  CoUida  with  a  single  higfaly^flbr^ntiated 
nucleus.  -^-^ 
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Infusoria  by  the  investigations  of  Engelraann,^  Biitschli,^ 
and  Ucrtwig,'  the  results  of  whoso  observations  may  be 
summed  up  as  follows : 

1.  The  so-called  acinetiform  embryos  arc  parasites. 

2.  The  rod-like  bodies  occasionally  observed  in  the  endo- 
blast  are  also  parasites,  and  probably  Bacteria. 

3.  The  globular  so-called  germs  in  the  VorticellidcB  and 
the  bodies  termed  ^^  ovules ''  by  Balbiani  have  nothing  to  do 
with  reproduction. 

4.  In  the  VorticeUidoe^  when  conjugation  takes  place,  the 
cndoplasts  of  both  individuals  break  up  into  a  number  of 
fragments.  These  become  mixed  up  in  the  common  body 
which  results  from  conjugation.  The  endoplast  of  the  latter 
results  from  the  gradual  union  of  many  smaller  particles 
which  make  their  appearance  in  the  endosarc.  Whether 
they  are  identical  with  the  fragments  into  which  the  endo- 
plasts  of  the  conjugated  individuals  have  divided,  is  not  cer- 
tain. 

5.  When  Infusoria  which  possess  an  cndoplastule,  as 
well  as  an  endoplast,  conjugate,  both  of  these  structures  un- 
dergo division  ;  and  the  cndoplastulc,  before  division,  ac* 
quires  the  striated  structure  and  spindle  shape,  which  has  ob- 
tained for  it  the  name  of  ^'  seminal  capsule." 

6.  The  final  result  of  conjugation  is  the  appearance  in 
each  of  the  individuals  which  have  undergone  conjugation 
of  the  endoplast  and  cndoplastule  (either  single  or  multiple) 
which  characterize  the  species. 

It  does  not  appear  that  there  is  any  positive  proof  that 
the  striated  cndoplastule,  or  endoplastules,  of  the  conjugated 
individuals  are  or  arc  not  exchanged.  From  BUtsohli's  obser- 
vations on  Stylonichia  mytilua^  he  concludes  that  the  endo- 
plast divides  into  four  fragments  ;  that  these  round  them- 
selves off  into  the  so-called  "  ovules  "  of  Balbiani,  and  are 
expelled  from  the  body ;  while,  of  the  four  striated  endoplas- 
tules into  which  the  endoplastules  which  exist  before  fecunda- 
tion divide,  one  is  converted  into  a  large  transparent  body, 
and,  dividing,  gives  rise  to  the  two  new  endoplasts  which  ap- 
pear in  the  StylonichicBy  after  their  separation.  Two  of  the 
others  become  the  new  endoplastules ;  while  one,  apparently 

»  "  Ueber  Entwickolun^  iind  Fortpflanznng  der  Infufloricn."    ("  Morpho- 
lc>|jrischcft  Jahrbuoh,"  1876.) 

*  *'  Mittliollungen  Qbcr  die  Conjugation  dor  Infusorion  und  die  Zellthci- 
lunff.''    (ZeiUchrtft  fur  wist,  Zoologu,  1875.) 

*  ^*  Ueher  Podophrya  gemmipara^  nobet  Bemerkunfron  zum  Rau  und  zur 
syBtcniutiacbon  StcUung  der  Acinotcn.''    ^**  Morph.  Jahrbucli,"  1876.) 
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laoieflp^injT  retropveHiTe  metftmorphofiu^  is  cast  out  ci  Ai 

Fnxs  tbotfe  f acts,  and  from  the  circiiniBtance  thftt  tlie  » 
^ioi-^jk^ulcs  of  Imfkforiay  which  are  merely  dividiDflf,  aoqdre 
the  s:r^:ed  »nuctiire,  ii  must  be  oonoluded  that  the  ata^ 
ikxr.  c:  a  sperautoioal  nature  to  the  Btnm  of  the  modified  c» 
doplA5tulc5  is  not  wmnanted.  And  the  remarkable  ofasem- 
t;x;5  of  Batj^4ilu  Stras8biiz]§:er/  Van  Beneden,  and  Hertwig;' 
i"^  ihT:"  cbjki^i^^  which  take  place  in  the  nuclei  of  both  animal 
aiKi  wirvtJkbSo  ixlUs  which  are  undergoing*  division,  or  arepit- 
imrin^  for  fccundatioiu  seem  to  leave  no  doubt  as  to  the  jus- 
tivV  cf  ih»  nc'^tivo  conclusion.  In  such  cells  the  nucfev 
KcvVRH^  elongated  and  assumes  a  striated  appearance,  so  as 
to  reM'n^Ke  in  a  venr  striking'  manner  the  so-called  "  senunal 
ojipsulo  *"  oi  the  Infusoria,  ^'erertheless,  it  is  still  possiUe 
that  :ho  ^vnjturation  of  the  InfuMoria  maj  be  a  true  sexoal 
prvxv^  :  and  that  a  |K»rtion  of  the  divided  endoplastules  of 
ojich  mAv  play  the  part  of  the  spermatic  corpuscle  ;  the  con- 
jujTA^iv^'^  of  which  with  the  nucleus  of  the  ovum  appears,  from 
rtxvni  Tt*5carvho:>^  to  constitute  the  essence  of  the  act  of  im- 
pry*in^at:o:\ 

Wi:h  I  ho  proof  that  the  **  acinctiform  embryos"  of  the 
/•:/"•*,< i"»n\ I  c*7r.:f-.i  are  parasites,  the  view  of  the  relations  of 
the  7VNriJ'i..'4/<ni  with  the  CiliaUi^  suggested  at  p.  101, 
ei\nses  tv^  Ix"  exactly  tenable.  Nevertheless,  the  resemblance 
of  the  cilia tcvl  younir  AcintUT  to  the  simpler  forms  of  the 
Ci'ii.ifj  is  sk-*  Close  that  thevmav  still  be  said  to  be  modifi- 
cations  of  a  vVMiiniou  tvjx*,  Hertwig  *  has  made  the  interest- 
ing observation  that,  ni  some  AcUutary  the  tentacula  are  of 
two  kinds  :  those  of  the  one  kind  are  the  characteristic  suc- 
torial v'^rirnns,  while  tlu^e  of  the  other  kind  are  simply  pre- 
hensile, ami  have  a  striK-ture  very  similar  to  that  of  the  pre- 
hensile [tseudopoilia  of  the  ActinophryidfP.  The  same  au- 
thor shows  that  the  ciliattxi  germs  do  not  arise  from  the  en- 
doplast  alone,  but  that  a  portion  of  the  protoplasm  of  the 
boily  invests  each  division  of  the  endoplast.  In  fact,  the  pro- 
cess bv  which  these  germs  are  developed  is  altogether  similar 
to  ordinarv  cell-division. 


» **  Ucber  Zellbildunp  und  Zellthoilimp,"  1976. 

'  *^  B«itrSee  zur  Kenntniss  und  Bildunflr,  Befhichtanior  nnd  Theilungr  des 
thieriflchen  Eies."    (**  Morphologii^chea  Jabrbuch/'  1876.) 


*  **  Ucber  IbcUwhrya  gimmipara  nebst  Bomerkun^n  zam  Bau  nnd  zur  »y- 
:n  St4!llung  der  Acinctcn.''    (**  Morpholojrisokcs  Jahrbuch,*'  1S76.) 


Btcmatiscbcn 


THE  DEVELOPMENT  OF  SPONGES.  567 

The  OpcUinina  must  clearly  be  arranged  among  the  Infu- 
soria.  Stein  regards  them  as  simply  the  lowest  forms  of  ^he 
Sohtricha^  but  it  will  probably  be  safer  to  consider  them  as 
a  distinct  group,  standing  in  somewhat  the  same  relation  to 
the  CUiata  as  the  GregarinidoB  do  to  the  AmoebcB. 

Section  II. — The  elucidation  of  the  problem  of  the  mode 
of  development  of  the  Sponges  has  been  greatly  advanced 
by  the  investigations  of  Oscar  Schmidt/  Schulze,'  and  espe- 
cially of  Barrois,*  which  confirm  the  assertion  of  Metschnikoff 
that  the  vesicular  morula  which  constitutes  the  early  condi- 
tion of  the  sponge-embryo  consists  of  blastomeres  of  two 
kinds;  those  of  the  one-half  of  the  spheroidal  or  flattened 
embryo  being  elongated  and  flagellate  ;  those  of  the  other, 
rounded,  granular,  and  nonciliated.  Schulze  and  Barrois 
have  independently  ascertained  that  the  latter  region  some- 
times undergoes  partial  invagination ;  and  that  a  cup-shaped 
body  is  produced,  composed  of  an  epiblast  formed  of  flagel- 
late cells  and  a  hypoblast  of  spheroidal,  non-ciliated  cells. 
Thus  the  ^^  gastrula "  stage  of  Haeckel  may  exist,  though  it 
is  not  formed  by  delarnination,  as  he  supposed,  but  by  invagi- 
nation. But  it  appears  that  this  gastrula-stage  does  not 
always  occur,  and  that  when  it  does,  it  is  transitory,  in  so  far 
as  the  hypoblastic  cells  subsequently  enlarge,  protrude  be- 
yond the  epiblastic  cells,  and  give  rise  to  the  free  ovate  em- 
bryo formed  of  a  ciliated  and  nonciliated  half,  which  has  so 
often  been  observed.  According  to  Barrois's  observations, 
this  free  swimming  larva  fixes  itself  by  its  nonciliated  hypo- 
blastic half,  and  the  hypoblastic  cells  are  invested  by  those  of 
the  epiblast,  which  thus  constitute  the  whole  outer  covering 
of  the  young  sponge.  The  central  cavity  of  the  sponge, 
which  represents  the  archenteron,  arises  in  the  midst  of  the 
included  hypoblastic  cells,  while  the  osculum  is  a  secondary 
opening,  formed  apparently  by  an  invagination  of  the  ecto- 
derm, and  has  nothing  to  do  with  the  primitive  blastopore. 
Thus  even  the  simplest  sponge  has  passed  beyond  the  gas- 
trula^stage. 

Schulze  has  made  the  important  discovery  that,  in  Sy- 

»  "  Zur  Orientining  Uber  die  Entwickelong  dor  Sponffien  "  iZtiiBchriftfur 
iffUa,  Zooloaie,  1S75) ;  and  **  Nochmals  die  Gastrula  der  Kukschw&mme" 
("  Archiv  f.  Mikr.  Anat,"  1876). 

*  *^  Ueber  den  Bau  und  die  Entwiokelimg  von  Syeandra  rapkanui**  {ZeU- 
tchriftfiir  wist.  ZoologUy  1875) ;  and  **  Zur  EntwiokelunffSffeBoniohte  von  8y- 
oamlra"  (ibid.,  1876).  **  ^ 

»  "  Annalos  dos  Sciences  Naturelles,''  1876. 
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candra  niphanus^  there  is  a  layer  of  flattened  cella  external 
to  the  syncytium  ;  whence  the  latter  may  rather  be  regarded 
as  the  equiTalent  of  the  mesoderm  than  of  the  ectoderm  of 
the  CceUnt^rraicL  And  the  observations  of  Barrois  on  other 
caloan?ous  sponges  tend  to  the  same  conclusion.  The  care- 
ful investigations  of  the  last-named  writer  have  not  enabled 
him  to  discover  spermatozoa  in  any  sponge,  and  he  finds  that 
the  ova,  when  they  are  first  discernible,  are  situated  in  the 
syncytium  or  mesoderm,  and  not  in  the  endoderm.  In  the 
free  laryte  of  the  calcareous  sponges  an  equatorial  zone  of 
rounded  equal-sixed  blastomeres  is  interposed  between  the 
ciliated,  or  epiblastic,  and  the  nouciliated,  or  hypoblastic, 
hemisphere ;  and  it  appears  probable  that  these  cells  repre- 
sent a  mesoblast,  and  give  origin  to  the  mesoderm.  The 
embryo  in  this  condition  has  a  very  interesting  resemblance 
to  that  of  Clffpainey  in  the  stage  in  which  the  epiblast  occu- 
pies one  face  of  the  embryo,  and  the  hypoblast,  formed  of 
three  very  large  blastomeres,  the  opfKJsite  face  ;  while  an  in- 
complete zone  of  six  or  eight  large  blastomeres,  which  are 
eventually  inclosed  by  the  epiblast,  surrounds  the  margins  of 
the  hitter. 

At  p.  135,  I  have  quoted  Ilaeokers  account  of  a  pro- 
cess of  £Jntot;astric  gemmation  in  Carmarina  hastaCa  of  an 
altoorethor  anomalous  character. 

F.  E.  St*hulze*  has  Litely  investigated  specimens  of  Oery- 
onia  hejca}*hyUa  provided  with  entogastric  processes  beset 
with  budding  Cunin<e^  and  he  proves  that,  in  this  case,  at 
any  rate,  the  phenomenon  is  one  of  parasitism.  The  stem 
from  which  the  buds  proceed,  in  fact,  is  not  a  process  of  the 
body  of  the  Gen/oniiij  but  is  simply  attached  to  the  wall  of 
the  gastric  chamber  of  the  latter.  It  is  hollow,  and  its  cavi- 
ty is  lined  by  an  endoilermal  epithelium.  The  Cunina  buds 
are  not  developeil  from  the  epithelium  which  covers  the  stem 
and  represents  its  ectoderm,  but  commence  in  the  ordinary 
way,  as  ca?cal  diverticula  of  the  wall  of  the  stem,  the  apices 
of  which  soon  o])en  to  form  the  hydranth  of  a  mcdusoid,  the 
disk  of  which  results  from  the  outgrowth  of  the  base  of  the 
hydranth.  In  all  probability  the  larva  of  the  Cunina  enters 
tlic  gastric  cavity  of  the  Oeryonia  as  a  planula;  and,  attach- 
ing itself  to  the  wall,  grows  out  into  a  stolon  whence  the  me- 
dusoids  bud. 


» *'  Ucber  die  Cunincn-Knosponrihren  im  Masren  v.  Gerronien."     (" 
theilungcn  des  Naturwissonschnftlichcn  Vcreines."    Grate,  iS75.) 


Hit. 
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It  may  be  suspected  that  the  other  cases  of  supposed  en- 
togastiic  proliferation  will  prove  to  be  susceptible  of  a  similar 
explanation. 

Although,  as  I  have  endeavored  to  show,  the  Ctenophora 
are  readily  reducible  to  the  general  plan  of  the  AcHnazoaj  jet, 
considering  their  many  peculiar  characters,  I  think  it  is  ad- 
visable to  separate  them  from  the  CorcMigenaj  as  a  distinct 
natural  order. 

Moreover,  the  Physemaria  must  undoubtedly  be  placed 
in  this  section,  which  will,  therefore,  consist  of  the  following 
natural  orders:  Physemaria^  Poriferay  Sydrozoa,  CoraUi- 
genay  Ctenophora, 

Section  III. — I  concur  in  the  proposal  of  BUtschli '  to  es- 
tablish a  group,  NematorhyncJuiy  for  the  genera  ChcetonottiSy 
JBchinodereSy  and  their  allies,  to  which  reference  is  made  at  p. 
101.  The  Nematorhyncha  are  divisible  into  the  Gastrotricha " 
(  ChcetonottiSy  ChoBturdy  Cephalidiumy  Ichthydiumy  Turband- 
lay  HeniidasySy  and  I)asydite8)y  which  are  ciliated  on  the 
ventral  surface  of  the  body,  and  the  Atricha  (Echinodere8)y 
which  possess  no  cilia.  Butschli  finds  two  convoluted  water- 
vessels  analogous  to  those  of  the  Hotiferay  but  apparently 
not  ciliated,  in  Choetonotus. 

Section  IV. — Our  knowledge  of  the  development  of  the 
Hirudinea  has  received  an  important  addition  in  the  "  Md- 
moire  sur  le  d6veloppement  embryog^nique  des  Hinidin^es," 
by  M.  C.  Robin  ;  who,  among  other  important  contributions 
to  embryology,  has  rectified  some  important  errors  of  Rathkc 
respecting  the  early  stages  of  the  development  of  Cl^ine. 
I  have  found  the  description  and  figures  of  the  various  stages 
of  cleavage,  and  of  the  steps  by  which  the  blastoderm  is  con- 
verted into  the  young  Clepsiney  given  in  this  memoir,  to  be 
exceedingly  accurate. 

The  whole  process  in  CUpsine  is  very  similar  to  that  which 
has  been  described  in  Euaxes  by  Kowalewsky,*  and  shares 
with  it  the  remarkable  peculiaritv  that  the  first-formed  por- 
tion of  the  blastoderm  becomes  the  haemal  region  of  the  body. 

>  "  Untersnohungen  ftber  fVeilebendo  Nematodon  und  die  Gattung  Chatonth 
tus,''    {Zeitsehri/tfiirtoit$.Zoolcfne,lSie.)  ,«  ..    ,  .^.  ^ 

*S€siL  Ludwig,  "  Uobcr  die  OrdnuDg  Gastrotncho."    {ZeUtehn/t/ur  unss, 

» **Einbryologi8cho  Studien  an  Wftimom  und  Arthropodcn,"    ("  M^m.  de 
PAcod.  Imp.  do  St.-r<5ter»bouig,"  1871.) 
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As  this  blastodermio  disk  grows,  its  margins  thicken  and  give 
rise  to  two  germ-bands  (Keimstreifen).  These  gradually  vh 
proximate  and  eventually  unite  upon  the  opposite  face  of  toe 
ovum.  As  the  chain  of  ganglia  is  the  product  of  the  differen- 
tiation of  the  epiblast  of  the  germ-bands,  it  follows  that  it  ii 
formed  by  the  union  of  two  primarily  distinct  nerve-traoti^ 
which  move  round  from  the  hasmal  to  the  neural  aspect  of  the 
body  ;  and  thus  the  arrangement  of  the  nervous  trunks  in 
McUacobdeUa  '  may  be  reg^arded  as  expressive  of  a  condition 
which  is  transitory  in  Cl^psine  and  JSktaxes, 

Many  years  ag^ '  I  directed  my  attention  to  the  fiact  that 
*Hhe  development  of  a  Mollusk  commences  on  the  haemal 
side  and  spreads  round  to  the  neural  side,  thus  reversing  the 
process  in  Articulata  and  Vertebrata  ; "  and  it  is  yery  inter- 
cstingy  considering  the  many  curious  points  of  approximation 
between  the  Antielida  and  the  MMuaca  which  are  now  com- 
ing to  light,  to  observe  that  certain  Annelids  present  this 
especially  Molluscan  peculiarity.*  As  Von  Baer  long  ago 
pointed  out,  there  is  a  striking  likeness  between  the  foot  of  a 
Gasteropod  and  the  suctorial  disk  of  one  of  the  JJirttditiea, 
The  so-called  jaws  of  the  Leeches  (the  "  teeth  "  of  which,  I  may 
observe  in  passing,  are  calcified)  are  curiously  similar  to  an 
odontophore  devoid  of  cartilages,  the  representative  of  the 
radula  being  supported  on  a  muscular  cushion. 

The  statement  at  p.  215,  that  "  no  calcareous  skeleton 
is  found  in  anj  of  the  Gephyrea^^'*  ceases  to  be  true  since  the 

>  A«>conline  to  Sompcr*8  recontly-publishcd  Btotcmonts,  Malaeobdflla  is  a 
truo  Nenittto'nl,  nnvl  not  a  Leech.  *  ("  Die  Verwandtschaftsbeziehungcn  der 
ffCi^liodcrtcn  Thiere,"  **  Arbeiten  aus  d.  Zoolo^sch-zootomischen  Inatitut  in 
WQrzbur^,'*  Bd.  iii.,  1876.)  Tho  memoir  here  cited  is  fbU  of  important  obser- 
vations ruspoctinff  the  structure^  of  the  nervous  system  in  the  Anndida  ;  the 
ag^mofrenctic  multiplication  of  Sa is  and  ChcetogaHer ;  and  the  development  of 
the  on^s  of  these  Annelids. 

Moreover,  the  author  discusses  verv  fully  the  relation  of  tho  Annclidan  with 
the  vertebrate  types  of  ortiranization.  f  do  not  propose  to  touch  upon  this  subject 
in  the  present  volume ;  nut  I  may  remark  tnat  the  e\idence  upon  which  the 
idontiticution  of  the  structures  termed  "  Kiemen^ngw&lste  "  and  their  products 
with  the  branchial  apparatus  of  vertebrate  animals  is  founded,  appears  to  mo 
to  be  whollv  inadequate  to  bear  out  the  conclusions  deduced  from  it. 

»  **  On  the  Morpholojry  of  the  Cephaloua  Mollusoa."  ("  Phil.  Tians.," 
1S52,  p.  45  and  not^.) 

*  Tlie  mode  of  development  of  the  central  nervous  system  in  Euaxe*  and 
Clepnne  otlera  many  points  of  interest.  Not  the  least  important  of  them  is  the 
obvious  similarity  (to  which  attention  has  already  been  directed  by  Semper) 
between  the  ^orm-uands  of  Clepnine  when  thev  fiavo  united  throughout  the 
jrreatcr  part  of  their  length,  but  surround  the  blastopore  behind,  and  the  Am- 
phibian embryo  with  its  dorsal  ridges,  which  have  exactlv  similar  relations. 
[ike,  for  example,  Fig.  40,  in  Plate  III.  of  GOttc's  work,  **  Die  Entwiokelungs- 
fi:escuichte  dor  Unkc.") 
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disoovory  of  L.  GrafiP/  that  the  minute  spines  of  Chostodenna 
are  calcified.  It  is  a  further  peculiarity  of  this  genus  that 
two  distinct  nerve-cords  proceed  from  the  cerebral  ganglia 
parallel  with  one  another  on  each  side  of  the  body,  in  the 
place  of  the  single  median  nerve-cord  of  other  members  of  the 

group. 

Dr.  Jhering '  has  directed  attention  to  certain  points  of 

resemblance  between   Chostoderma^  with  the   allied  genus 

Ntomienia^  and  the  Chitons,  especially  in  the  arrangement  of 

the  trunks  of  the  nervous  system  ;  and  he  proposes  to  unite 

the  three  into  a  group  of  Amphineura — thus  separating  the 

Chitons  from  the  MoUusca  altogether. 

Section  V. — I  regret  that  I  have  been  unable  to  make  use 
of  Claus's  recently-published  important  contributions  to  the 
history  of  the  development  of  the  Crustacea* 

Section  VI. — The  thorough  examination  of  the  structure 
of  PediceUina  and  Loxosoma  by  Nitsche  *  has  shown  that 
the  differences  between  the  ectoproctous  and  the  endoproctous 
Polyzoa  are  of  a  more  fundamental  character  than  had  been 
suspected.  In  the  Ectoprocta^  in  fact,  the  endocyst  consists 
of  two  layers,  an  outer  and  an  inner,  of  which  the  former  is 
the  representative  of  the  ectoderm  in  other  animals.  The  lat- 
ter lines  the  wall  of  the  "  perivisceral  cavity,"  and  is  reflected 
thence,  like  a  peritoneal  tunic,  over  the  tentacular  shealh  and 
into  the  interior  of  the  tentacula,  whence  it  is  continued  on  to 
the  alimentary  canal,  of  which  it  forms  the  external  invest- 
ment. The  endoderm,  which  lines  the  alimentary  canal,  is, 
of  course,  continuous,  through  the  oral  opening,  with  the  ec- 
toderm. 

In  the  Endoproctay  on  the  contrary,  the  endocyst  is  com- 
posed of  only  one  layer,  and  the  endoderm  of  the  alimentary 
canal  has  no  second  or  external  coat.  The  "  perivisceral 
cavity,"  or  interspace  between  the  endoderm  and  ectoderm, 
is  occupied  by  ramified  mesodermal  cells. 

Thus  the  Endoprocta  present  a  structure  as  simple  as  that 

>  "  Anatomic  des  Chastoderma  niiidulum.^^  (ZeiUchrift  fur  wisa.  Zoologie^ 
1870.) 

«  "  Verpfleichendo  Anatomic  des  Nervensystems  der  Mollusken,"  1877. 

*  **  Untersuchun^cn  zur  Erforschung  der  genealogischcn  Orundlage  dca 
Cmstacoensystems,'^  1876. 

«  "  Beitnl^e  zur  KonntniM  der  Bryozoen."  (ZeiUehrift  fur  wUs,  ZoologU^ 
1870  and  1875.)    Compare  Barrois  (**  Comptes  Kendua,"  1875). 
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oc  Necarofri  vccnts ;  while  the  JBdoproeiOy  in  poflseaung  i 
^^KtTiaof r&I  cftTitT  with  m  speciml  lining,  the  inner  Buifaoe  of 
WXC2  XAT  Sf  eili&teiL  ue.  so  far,  oompamble  to  Brmohiopodi 

l~=:f.'rcunAielT«  cor  knowledge  of  the  embryonic  derelop* 
XX*  c:  c:  :i^  t^.-^v-prootous  Polyzoa  does  not  enmUe  us  to  de- 
:ersi:2e  v:;h  ciKT^ntT  the  nature  of  this  periTisceral  cavitj, 
:i3K.i  c:  tr«  lijer  whioh  bounds  iu  Nitsche  shows  that  toe 
5a<vfilxr  cv^Sfti.  which  results  from  the  first  developmental 
cdjL3^-$  of  lie  <abnro  in  the  Hkyiaetckttnaia,  is  composed 
oc  :  *',*  j;fty^fs.  which  correspoad  with  those  of  the  endocjst 
m  :  ^.*  jl-.:^'.*  :  &!i-.i.  further,  that  the  polypide  (alimentaij 
oara. '.  :,-'.' rjkcv-li.  ;i=:i  cuigiion)  results  uom  an  ingrowth  of 
;  jv-  .  ;^:^r  livvr  oi  ih<  codc^Tst,  which  pushes  before  it  an  in- 
wluij^tt.  .'f  i>*  iz:xY  Laver.     The  latter  gives  rise  to  the  le- 


"i^:  I  A*^'  r.c«  awir?  that  there  is  any  evidence  which 
*.  r.  '  .>  .^  .-••.■■  >,^v!v  :2^*  rmr-r-or  :n  which  these  two  lavers  of 
:L»v.-  ,  ■:  .fv .:'.:  cvl.vv^:  :o.ke  ihcir  origin,  or  with  what  layers 
sC"  :  •'.  .r.l  iry  ^iirrr^-;  :-:ty  are  homologous.  If  we  make 
:7o  .'*-. ■  vorx  jLxs-v.rti.r  tra:  tho  inner  or  peritoneal  laver  of 
:  b  o  .'  :•  v  .V ;.  > :  i<  :  >  ■:•  ;.  *i  t  Li  I  o  r  cc  ir.  p!ot  o  homologuo  of  t  be  b y- 
ix'C^i>:  :  /:"-^T  x-.v::j.!>^  ::  :VII.^«s  that  the  perivisceral  cav- 
•.:v  .  :*  :/.,•  ."'r. -.  r«  ..•■:  :  :>  rvil>  sr.  cnterocctle,  as  it  is  in  the 
J<^:  \  c-  •■'•-  TVt:  :•  Iv  .Tbtr  ilTemative  appears  to  be  the 
Si; Vv\ !>.....•:  :>a:  :":"c  i:i; -j?  livtr  vi  t:ie  endocv&t  is  a  meso- 
>4 .1  >: ,  .^  ■.  ?v  'v  ■-• : :  A :  -,vl  f r:  r*.  •  h o  p: rm  c  arlier  t ban  tic  liy poblast ; 
V.  >^  '  ■:'?.  .-jisc  :'*c  ;.vrvi<oer:il  v-avity  will  be  a  schizocoele. 

' > .  J" >or '. •.- ^ **  w  .- Sl  .-.:•: :  zr rr ^ us sy 5 1 e ra of  the MoRusca^ 
:.*  w'-i'ic':^  I  >»i^Tf  4*TVd  -Y  r\':*-:TT\>i  contains  a  number  of  valu- 


A?.-.*  i-'.i:,\— 


o: 


■.v.-jI  .-'I'Tirfv  ,?='.;  i*<i>:v':al!y  gives  a  better  account 
o  s:-U'. -:.-:*-*  .*:  :!"-:  rcrv,',i>  systtm  cf  Chiton  than  has 

s^       *  * 

^■■"*.»"-r   *    .-x  '■<.^  ■*»  ■ 

».  ■    _:'••••*  r"^jr  ^i:^. ";-  re  *::ir:r^."r^  Tl:j».^sr«xiic  sp-eouladons.  Dr. 

-'  ■        i;  ■..  '^   '.■*.-..•.'■,'     .1  -•.  ■.-:>.. '  ■~.;.i^  ^-^T*  :y-U  ite  respiimtoir  mc 
* S ' ..-  ^i  .  i     ^  ■>-... .  .-,.^  : .  ; ■;..-. -^   >  n  ■  rr ':: :'  ?rio*l!r  a  sort  of  umiiry 

.\.. ....  -    V.    .  .  vi   •  *■.  ^-1  ^  :;i  •♦;.::.•■.>?  :r-.  xTr.*-«rvt*  ci  ils<  C^/Aalcpod*  uue 

A  '.  .>.  -.  •■■v.  *;.■..  ■•':  -.vc.il     T'.v;  Aj^.*  A.-X  -.i^j*  jur:*  ::  lie  hc^  anJoiilv  the 

^  ■■*.>".-  -.  v"  joi..  ■-•  :!: .  i  .:'  -riLir-i:  :^::*t3*  ^f  icy  memoir  on 
:  '^^  '  \  :■  .'  .  '•^■»  •:  ■  •.  V  "  NC'j.'  *: ,;":"  'li.i  -  '*  dvt-*::  i-nrcntv  years  ao'. 
>•  '  V .'.  ^  :•  :  ..  ,\  >  ?'  ' ':  i  -  "i  N  -  ■  -.  r: :  -  ".:**,!  =uy  rvsar^ 'thit,  had 
■^ .  .".  ...v.v  •  ■•„     ,-  ...     i-  :.■   -'"J.: ->  st-i  >,*j<-:tir^  :r.v  ier-uv  of  ibe 

•  '.^  '  ,  .  V  ■:  ■.>^v'.  .  .  :  ?.i:  jvr. ;  "i::--.  :  r- .■»;-!■;  "LrJl;  » -uli  xi:-5  have  com- 
*■  ..•..  '  v. ■  ■  ..'  v'-,  ■' :  \  ;•*:.;•■-  :  .'  .  '"«  "  .•".ijTii:!*— rce  of  a  Cephalopod 
X  .  J.  .  ',-  r:  A  l*:v.-.;»x:  -<i.>  *:^  :>  il.r :. r.-«»rr  c*r.Al  tvis^,!^  after  a 
'jkN  ■- ..*;'   .:'  * >  . >   Nizur,  V:^.*  •  *  '■••'•"j  ^ Hvi  Vlli*;rai^.  tbo:^A  they  hanily 
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There  is  no  invertebrated  animal  at  present  known  which 
cannot  at  once  be  referred  to  one  or  other  of  the  natural  or- 
ders which  have  been  discussed  in  the  preceding  pages.  The 
next  question  which  arises  is,  How  far  are  these  groups  sus- 
ceptible of  arrangement  into  assemblages  of  a  higher  order, 
distinguished  £rom  all  others  by  certain  common  characters  ? 

It  is  universally  admitted  that  the  JnsectOy  Mt/riapodaj 
ArachnidOy  Crustaceay  Pycnogonida^  and  Tardigrada^  form 
such  an  assemblage,  termed  the  Abthropoda,  and  character- 
ized by  the  segmentation  of  the  body  ;  the  chitinous  cuticula ; 
the  absence  of  cilia  upon,  or  in,  the  body  at  any  period  of  life ; 
the  segmentation  of  the  central  nervous  system,  and  its  per- 
foration by  the  gullet ;  and  the  presence  ^with  the  possible 
exception  of  the  IrUohUa)  of  limbs,  whicn,  almost  always, 
are  themselves  subdivided  into  joints.  The  reasons  for  in- 
cluding the  PeripcUidea  in  this  division  have  been  given  in 
Chapter  XL;  and,  though  the  Pentastomida  must  be  regarded 
as  hardly  within  the  limits  of  the  definition,  I  think  that,  tak- 
ing into  account  the  strange  modifications  which  are  under- 
gone by  the  parasitic  Crustacea  and  Arachnida^  it  is  not 
needful  to  depart  from  the  ordinary  practice  of  associating 
them  with  the  Arthropoda, 

The  JLamellibranchiata  and  the  Odoitophora  constitute 
another  very  well  marked  division,  the  Mollusca,  the  char- 
acters of  which  have  been  discussed  in  Chapter  VIIl. 

The  proposal  to  separate  the  Pofyplacophora  from  the 
Molhtsca^  to  which  I  have  already  referred,  appears  to  me  to 
be  devoid  of  any  justification.  The  resemblances  between 
certain  Qephyrea^  such  as  Chcetoderma  and  Neomenia^  and 
the  Polyplacophora^  are  accompanied  by  wide  differences ; 
and  even  if  these  resemblances  are  to  be  regarded  as  evi- 
dences of  afBnity,  some  considerations,  such  as  the  restriction 
of  the  branchias  to  the  hinder  part  of  the  body,  and  the  reduc- 
tion of  the  foot  in  ChitoneUuSy  rather  lead  to  the  suggestion 
that  Ghastoderma  and  Neomenia  may  be  extremely  modified 
MoUusks,  allied  to  the  Polyplacophora, 

As  to  the  supposition  that  the  resemblances  between  the 
Nudibranchiata  and  the  Turbellaria  indicate  a  direct  affin- 
ity between  these  groups,  it  seems  to  bo  forgotten  that  the 
Nudibranchiata  are  all,  when  young,  unmistakable  Gastero- 
pods  provided  with  mantle  and  shell.  Their  adult  structure 
is  as  little  evidence  of  any  Turbellarian  affinities  as  that  of 
LerrMea  is  proof  of  its  being  allied  to  the  worms  rather  than 
to  the  Crustacea-, 
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The  Physemariay  the  Porifera,  the  HydnnofL,  the  Coral- 
ligena^  and  the  Ctenophora^  are  obyionaly  nuMlificatioiii  oi 
the  same  fundamental  plan.  I  think  it  is  conTenient  to  re- 
tain the  well-establish^  name  of  CcslentercUa  for  the  hut 
three  orders,  which  are  much  more  dosely  related  to  one 
another  than  to  the  other  two.  Haeckel*8  propoeal  to  appfy 
the  old  name  of  Zoophyta  to  the  whole  division  appearB  to 
me  to  be  well  worthy  of  adoption.  The  inconvenienoe  of 
using  a  term  the  connotations  of  which  have  varied  some^ 
what  widely  since  it  was  first  invented,  is  probably  leas  than 
that  which  would  attend  the  invention  of  a  new  name. 

The  Moneray  Foraminifera^  Hdiozoa^  Radioiaric^  Hih 
toplastaj  Gregarinida^  Catallacta^  and  Jn/tuoria  {Opali- 
nina,  Ciliata^  l^entotculifera^  tlageUata)^  again,  are  80  dose- 
ly  united  together  that  the  difficulty  is  to  distingiiiBh  the 
less  differentiated  forms  of  each  from  one  another.  They 
constitute  the  division  of  the  Protozoa,  the  common  charM> 
ters  of  which  have  been  given  in  Chapter  II. 

If  there  were  no  invertcbrated  animals  besides  those  in- 
cluded undor  these  four  divisions  of  Abthbopoda,  Mollusca, 
ZooriiYTA,  and  Protozoa,  the  task  of  classification  would  be 
very  easy,  and  each  of  the  higher  divisions  would  be  sharply 
dofined  from  tho  others.  But  a  vast  residuum  remains  to  be 
considered ;  and  it  is  with  the  attempt  to  arrange  these  resid- 
ual orders  into  liighcr  groups  that  the  difficulties  of  the  Tax- 
onomist  commence. 

Tho  Polf/ch(Bta  and  the  Ollgochceta^  the  IBrtidinea  and 
the  Gephyren^  resemble  one  another  generally  in  the  seg- 
mentation of  the  body,  indicated  at  least  by  the  serially  mul- 
tigangliate  nervous  centres ;  *  in  the  presence  of  cilia  and  of 
segmental  organs ;  and  in  the  nature  of  tho  larvae,  which  are 
set  free  when  their  embryos  arc  hatched  in  an  early  stage  of 
development.  And,  although  no  one  of  these  characters  is 
of  universal  occurrence  (cilia,  for  example,  being  absent  in 
most  adult  IlinidinecL)^  yet  they  are  found  in  such  association 
that  the  accepted  arrangement  of  these  four  groups  (to  which, 
though  not  without  some  hesitation,  I  add  the  Myzostomata) 
into  the  division  of  the  Annelida  is  undoubtedly  very  con- 
venient. 

Tho  TVemcUoda,  tho  Turbellaria^  and  the  Hotifera^  form 

^  ThiB  character  ia  wanting  in  most  Gephvrta^  which,  as  I  have  remarked 
at  p.  S18,  incline  in  many  rcApccts  toward  the  next  division,  and  especially 
toward  tho  Bot^fera  and  liematorhyncha. 
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another  very  natural  assemblage.  But  it  must  be  admitted 
that  the  highest  forms  of  this  division  are  separated  by  no 
very  sharp  line  of  demarcation  from  the  Annelida;  while 
the  simplest  TurbeUaria  are  almost  on  a  level  with  the  Phy- 
semaria  and  the  lower  Hydroz^a.  Even  a  JPlanarta  is  com- 
parable to  a  free  zoophyte ;  its  proboscis  may  be  likened  to 
the  hydranth  of  a  Medusa^  the  prolongation  of  the  alimen- 
tary sac  to  the  gastro-vascular  canals,  the  central  nervous  sys- 
tem, with  its  lateral  prolongations,  to  the  marginal  ganglia 
and  nerves.  The  water-vascular  system  and  the  complication 
of  the  reproductive  organs,  indeed,  afford  clear  marks  of  dis- 
tinction ;  but  both  of  these  systems  vary  indefinitely  in  the 
degree  of  their  development  within  the  limits  of  the  Turhelr 
laria. 

On  the  other  hand,  the  connection  of  the  Hirudinea  by 
such  forms  as  McUacobdella  with  the  TurbeUaria  and  TVema- 
toda  is  very  close ;  Polygordius  appears  to  be  a  transitional 
form  between  the  7\irbeUaria  and  the  JPolychceta  ;  while  the 
Rotifera^  in  many  respects,  represent  larval  forms  of  the 
Polychasta  and  of  the  iiephyrea. 

The  Cestoidea  are  usually  regarded  as  anenterous  Trema- 
today  in  which  case,  of  course,  they  must  be  associated  with 
the  latter. 

I  propose  to  establish  a  division  of  TBicnoscoLiCES  for 
the  natural  orders  now  enumerated,  in  order  to  discriminate 
the  morphological  type  which  they  exemplify  from  that  of 
the  Nbmatoscolices,  containing  the  Nematoideay  which  are 
as  remarkable  for  the  universal  absence  of  cilia  as  the  former 
are  for  their  presence  ;  and  which  are  further  so  clearly  dis- 
tinguished by  the  arrangement  of  their  nervous  and  muscu- 
lar systems  and  of  their  water-vessels ;  and  by  their  ecdysis. 

The  connection  between  the  two  divisions  by  way  of  the 
Nematorhyncha  and  the  Rotifera  is  undoubtedly  very  inti- 
mate, and  there  is  almost  as  much  reason  to  arran^  the  Ne- 
maJtorhyncha  with  the  Tricho^coliceB^  as  with  the  Nematoaca- 
lices.  On  the  whole,  however,  I  think  that,  notwithstanding 
the  cilia  of  the  Gastrotricha^  the  closest  afiSnities  of  the 
Nematorhyncha  are  with  the  Nematoidea^  and  I  therefore 
place  them  among  the  Nematoscolices. 

But  I  may  remark,  once  for  all,  that  the  attempt  to  estab- 
lish sharplyndefined,  large  divisions  of  the  animal  kingdom  is 
futile.  The  progress  of  knowledge  every  day  renders  it 
more  and  more  clear  that  morphological  groups  are  compara- 
ble to  distributional  provinces ;  each,  however  well  marked 


576         THE  ANATOXT  OF  INVBRTEBSATBD  ANDCALa 

may  be  its  obaracteristic  features,  shades  off  at  its  maigini 
into  some  other  group ;  and  the  object  of  claasificatioii  ii 
simply  to  brinff  into  prominence  the  morphological  typet 
which  embody  uiese  characteristic  features. 

It  appears  to  me  impossible  to  compare  the  atructiire  and 
the  larval  conditions  of  a  PolyxoOn  with  those  of  a  BracUo- 
pod,  without  arriving  at  the'  conclusion  that  they  are  more 
closely  allied  with  one  another  than  they  are  with  any  third 
group.  Nevertheless,  the  JMyzoa  approach  the  jRoi^flem, 
and  the  Brachiopoda  the  Annelida,  on  the  one  side  ;  while 
on  the  other  they  present  unmistakable  affinities  with  the  low- 
er MoUu9ca.  At  the  same  time  the  weight  of  the  resemblancei 
between  the  Polyzoa  and  the  TuniccUa^  which  led  Miloe- 
Eklwards  to  the  establishment  of  the  g^up  of  '*  Molluacoldes'' 
(adopted  by  myself  under  the  title  of  Molhueoida)^  has  been 
much  lessened  by  the  progress  of  investigation. 

I  couccive  that  we  may  best  keep  these  resemblances  and 
difTercnces  in  view  by  associating  the  Polyzoa  and  the  Bra- 
chiopoda into  a  division  apart,  for  which  I  propose  the  name 
of  Maijlcoscolicbs  ;  in  order  to  indicate  its  relations  with 
the  Worms  on  the  one  side  and  with  the  MoUusca  on  the 
other. 

The  Tunicata  arc  absolutely  distinguished  from  all  other 
invertebrated  animals  except  Jialanoglosstts^  by  the  perfora- 
tion of  the  pharynx  and  its  conversion  into  a  respiratory 
organ.* 

At  first  sight  there  appears  to  be  little  ground  for  the 
approximation  of  groups  apparently  so  widely  different  as  the 
Tunicata  and  the  JEiiteropneuata,  But  the  extraordinary 
similarity  in  the  structure  of  the  perforated  pharyngeal  sac  in 
the  larva)  of  Tunicates  and  of  Btdanogloasus  is  a  fact  of 
great  morphological  weight.  An  ecaudate  Appendieularia 
of  those  species  which  have  the  alimentary  canal  nearly 
straight,  would  bo  marvelously  like  a  larval  Balanoglossuiy 
which  is  again  little  more  than  a  specially  modified  Turbclla- 
rian.  I  tliiuk,  therefore,  that  the  Tunicata  and  the  JSntero- 
pneusta  may  properly  constitute  a  division  of  Phabyngo- 

PNEUSTA. 

>  I  have  alluded  above  to  the  structures  dcBcribed  by  Semper  in  some  (Hi' 
(jochdta  and  in  SabilUi,  I  do  not  doubt  the  accuracy  of  the  description ;  but 
It  dooH  not  load  me  to  conclude  that  the  structured  in  question  are  homoloffoua 
with  oithur  Visrtobrato,  Enteropneustal,  or  Tunicate  bmnchuc. 
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The  Tunicate  Pfiaryngopneusta^  with  their  caudate  larvae, 
may  be  supposed  to  stand  in  the  same  relation  to  the  Turbel- 
lariionn  Pharyngopneuata^  as  the  Tremoitoda^  with  their  cer- 
cariform  larvae,  to  the  Turbellaria. 

Another  very  well  marked  division  is  that  of  the  Echiko- 
DEBBiATA,  the  characteristics  and  relations  of  which  have 
been  fully  discussed  in  Chapter  IX« 

Although  the  structure  and  development  of  Sagitta  have 
now  been  as  thoroughly  elucidated  as  those  of  any  animal, 
the  proper  Taxononuc  place  of  the  ChastogncUha  is  still  an 
unsolved  problem.  The  issues,  however,  appear  to  be  nar- 
rowed to  these :  either  they  belong  to  the  ^nnelidaj  or  to  the 
JVemcUoscoliceSj ,  or  to  the  Trichoscolices ;  or  the  ChoBto- 
gnatha  are  to  be  regarded  as  an  independent  division,  alHed 
to  all  these,  and  perhaps  to  the  lower  Arthropoda.  I  am  dis- 
posed to  adopt  the  last  view,  chiefly  on  the  ground  of  the 
mode  of  development  of  Sagitta^  which  is  unlike  anything  at 
present  known  to  occur  in  Annelida^  Trichoscolices^  N'ema- 
toscoliceSj  or  Arthropoda. 

The  Acanthocephala  are  hardly  less  anomalous  than  the 
ChoBtogncUha.  Taking  into  account  the  Gordiacea  and  the 
characters  of  the  proboscis  in  the  NematorhyncJia^  there  is 
undoubtedly  room  for  the  suggestion  that  they  are  specially- 
modified  anenterous  NemcUoscoliceSy  and  should  be  classed 
among  the  latter.  But  here,  as  in  the  case  of  the  Cestoidea^ 
there  are  many  difficulties  in  the  way  of  accoimting  for  these 
anenterous  forms  by  the  supposition  that  they  are  the  results 
of  a  retrogressive  metamorphosis  of  enterate  animals. 

This  question  of  the  true  relations  of  the  anenterous  in- 
vertebrates— ^by  which  I  mean  not  only  those  which,  like  the 
male  Rotifers,  have  no  functional  alimentary  canat  in  the 
adult  condition ;  but  those  which,  like  the  Cestoidea  and  the 
AcarUJiocephala^  never  exhibit  a  trace  of  an  alimentary  canal, 
even  in  the  embryo ;  which  is  usually  dealt  with  so  summarily 
by  the  assumption  of  retrogressive  metamorphosis — acquires 
still  more  importance,  when  we  attempt  to  determine  the 
Taxonomic  place  of  the  Dicyemida. 

Prof.  E.  van  Beneden  has  proved  that  these  parasites  can- 
not be  dismissed,  sans  fagony  as  retrogressively  metamor- 
phosed *'  worms ; "  and  though  I  am  not  disposed  to  attach 
much  weight  to  the  absence  of  a  mesoderm,  on  which  Van 
25 
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Beneden  insists  as  a  distinction  between  the  JHeyen^ida  and 
the  MetazoQy  the  manner  in  which  the  contents  of  the  aziil 
cell  give  rise  to  germs  is  so  completely  unlike  anything  whick 
is  known  to  obtain  in  the  Metazoa^  as,  to  my  mind,  to  jnatiff 
the  separation  of  the  Dicyemida  from  the  whole  of  this  divi- 
sion. On  the  other  hand,  the  similarity  of  their  development 
to  the  formation  of  metazoic  embiyos  by  epiboly,  as  ooni- 
pletely  divides  the  Dicyemida  from  all  the  JVoiazoa.  It 
must  be  recollected  that  the  changes  which  are  undergone  bj 
the  ciliated  embryos  are  still  to  be  discovered ;  but,  provision- 
ally, I  am  disposed  to  agree  with  Van  Beneden,  that  the  Di- 
cyemida should  be  regarded  as  the  representatives  of  a  dis- 
tinct division,  the  Mesozoa,  intermediate  between  the  I^ 
tozoa  and  the  Metazoa.  And  without  distinctly  pledging 
myself  to  anv  such  view,  I  yet  think  it  is  worth  while  to 
throw  out  the  suggestion  that  the  Cestoidea^  if  not  the 
Acanthocephakiy  may  be  modifications  of  the  same  type, 
differing  from  the  Dicyemida  in  the  development  of  a  meso- 
derm, but  resembling  them  in  the  total  absence  of  an  alimen- 
tary apparatus. 

The  Serial  Relations  op  the  Invektebrata. — When 
the  various  groups  of  invertebrate  animals  are  compared,  it  is 
obvious  that  they  present  very  different  degrees  of  morpho- 
logical complexity ;  whence  tliey  may  be  considered  as  terms 
in  a  graduated  progression,  in  which  the  place  of  each  group 
corresponds  broadly  with  the  degree  of  its  differentiation. 
The  lowest  Protozoa  will  occupy  one  extreme  of  such  a  pro- 
gression, the  Arthropoda  and  the  Mollusca  the  other,  while 
the  remaining  groups  fall  into  intermediate  places.  On  at- 
tempting to  carry  out  this  serial  arrangement  into  detail, 
however,  it  will  be  found  that  no  single  series  will  suffice  to 
express  the  facts,  but  that,  starting  from  the  lowest  Protozoa^ 
wo  are  led  along  various  lines,  none  of  which,  as  far  as  our 
present  knowledge  enables  us  to  judge,  can  be  traced,  with- 
out interruption,  throughout  the  whole  length  of  the  scale. 

If  we  assume,  in  the  absence  of  proof  to  the  contrary,  that 
the  Monera  have  the  simplicity  of  structure  ascribed  to  them 
by  Hacckel,  then,  on  comparing  the  Endoplastica  with  the 
Monera^  the  different  groups  of  the  former  appear  to  be  re- 
lated to  those  of  the  latter  division,  as  if  they  were  similar 
forms  complicated  by  the  addition  of  one  or. many  nucleL 
Protogenea  may  thus  be  considered  as  the  root  of  the  Foram- 
iniferal  series,  Protamoeha  of  the  Protoplasta^  Myxastrum 
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of  the  QregarinidcBy  VampyreUa  of  the  JSisliozoa,  Protomo- 
naa  of  the  Flagellata.  A  Moneran,  ciliated  over  its  whole 
surface,  which  might  stand  in  the  same  relation  to  the  Opa- 
lininay  CataUacta^  TentaciUifera^  Ciliata^  is  at  present  un- 
known.    The  Protozoa  thus  fall  into  the  following  series  : 


I. 

Protogenes. 

Foraminifera, 


Protozoa. 

IL  III. 

Protamceba,     Myxaatrum, 

Protoplaata,     Gregarinidae, 


IV. 
VampyreUa, 

Heliozoa. 


Madiolaria. 


V. 

? 

Tentaculifera. 


VI. 

? 

Catallacta, 
Opalinina, 


VII. 
Protomonas, 

FlageUata. 


Ciliata. 


I  am  unable  to  trace  any  one  of  these  series  of  modifica- 
tions further;  that  is  to  say,  to  find  forms  which  actually 
bridge  over  the  interval  between  any  one  of  them  and  the 
Metazoa^  though  it  is  easy  enough  to  imagine  what  such  forms 
might  be.  The  spheroidal  free-swimming  monad  aggregates, 
such  as  UveUa  and  Polytoma^  and  Magosphcera  itself,  are, 
in  many  respects,  comparable  to  Physemarian  or  Poriferan 
embryos ;  while  an  animal  Vblvox  would  be  a  sort  of  perma- 
nent vesicular  morula.  So,  one  of  the  higher  Infusoria,  if  it 
became  multinucleate,  like  an  Opalina,  would  approach  the 
lowest  TurbeUaria, 

The  axial  cell  of  a  Dlcyema,  from  the  protoplasm  of  which 
its  ciliated  and  nonciliated  germs  are  produced,  is,  to  a  cer- 
tain extent,  comparable  to  the  capsule  of  a  Radiolarian; 
while,  on  the  other  hand,  a  Radiolarian  with  a  multinucle- 
ate cortical  layer  would  approach  the  structure  of  Dicyema. 
And  if  what  is  at  present  known  of  Dicyema  gives  a  just 
conception  of  the  essential  points  of  its  entire  history,  it  un- 
doubtedly, as  E.  van  Bcnedcn  has  suggested,  represents  a 
type  intermediate   between  the  Protozoa  and  the  MetazoOj 
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thougb  it  can  hardly  be  said  to  fill  up  the  Aiattu  beta* 
them. 

In  our  further  search  sftcr  the  serial  relations  of 
wo  must  therefore  start  afresh  from  the  lowest 
Here  a  Zoophytic  Skkies  is  very  well  marked  ; 
with  the  I'hysetnaria,  aad  thence  diverging,  on  tbe  oac 
haqd,  to  the  Porifera,  and,  on  tbe  other,  to  tbe  Catoi/cratl, 
with  the  highest  fornis  of  which  this  aeries  comes  to  Ui  end. 

A  second  gradation,  which  may  be  termed  the  Axyjnjoai 
Series,  is  represented  by  the  Trichoacolice^  And  tbe  Aiui»- 
lida.  Tlie  lowest  ISirbeUaria  are  upon  nearly  the  same  level 
of  organization  as  the  Hydrozoa.  It  would  be  hard  to  di»- 
tinguish  an  aproctous  Turbclluian,  devoid  of  a  ganglion  aod 
water- vessels,  from  a  free-swimming  nontentaculate  Hydro- 
zoSn.  On  the  other  liand,  as  1  have  already  pointed  oat,  tlie 
line  of  demarcation  between  the  higher  Trichotcolieea  tod 
the  Annelida  is  very  indistinct,  snd  we  may  expect  it  to  be 
speedily  obliterated  by  the  progress  of  discovery. 

A  third  gradation  is  constituted  by  tbe  Neinatoaeolteei»aA 
the  Arthropoda,  The  lowest  Nematoidta  possess  no  bibber 
organization  than  the  lowest  l\irbeUaria  and  the  Jtoty^tA 

The  Xematorhyneha,  whether  they  are  really  transitional 
forma  between  the  Nematoidea  and  the  Arthropods  or  not, 
at  any  rate  indicate  the  road  by  which  t)ie  transition  may  be 
effected;  and  1  am  much  inclined  to  think  that  the  Clial*- 
gnatha  may  occupy  a  place  in  this  series.  The  oral  armatiuv 
of  Sagitta  may  be  regarded  us  a  modification  of  the  oial 
spines  of  R-hinoderf»,  and  its  nervous  system  is  as  tagiA 
Arthropodal  as  is  that  of  the  Pentaetomida.  lliis  may  bfl 
called  the  Arthkozoic  Series. 


A  fourth  scries  is  that  which  I  shall  term  the  Mai^acosoic 
Series.  It  includes  the  JValacoseolice*  and  the  JUoUtuca. 
The  eutoprortouB  Polyzoa  form  the  lowest  term  of  this  series. 
The  resemblances  of  the  Polyzoa  with  the  Roti/era  (e.  g., 
with  Stephanoceroa)  have  often  been  remarked,  and,  indeed, 
insisted  upon,  with  too  little  regard  to  tbe  differences  which 
are  established  bv  the  water-vessels  and  the  peculiar  pharyn- 
geal armature  of  the  Rotifers.  Nevertheless,  these  resem- 
blances are  important  as  far  as  Uiey  go,  and  in  grade  of  of 
ganization  tbe  two  groups  are  much  upon  the  same  level.    On 
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the  other  hand,  the  comparison  of  a  PoljzoOn  with  a  larval 
Lamellibranch  or  Grasteropod,  or  with  a  Pteropod,  leaves  no 
doubt  in  my  mind  that  the  Malacoscolices  have  the  same  rela- 
tion to  the  MoUuHca^  as  the  Trichoscolices  to  the  Annelida. 

A  fifth  gradation  is  presented  by  the  Tunicata  and  the 
Enteropnexmta^  which  constitute  the  Phabyngopnkustal 
Sebixs.  I  do  not  regard  the  JEnteropnetMta  as  of  distinctly 
lower  organization  than  the  Tunic<xta^  but  rather  as  a  col- 
lateral group;  and  I  conceive  it  to  be  probable  that  some  lower 
forms,  connecting  the  £nteropneu8ta  and  the  Tunicata  with 
one  another  and  with  the  TrichoscoliceSy  will  yet  be  found. 
However  this  may  be,  Appendicularia  presents  a  grade  of 
organization  but  little  higher  than  that  of  the  Polyzoa. 

A  sixth  gradation  is  represented  by  the  Echinodebmal 
Sebies.  Like  the  foregoing,  this  series  at  present  stands 
isolated,'  no  annectent  forms  between  the  Echinoderms  and 
higher  or  lower  groups  being  known.  On  the  ground  of  the 
uniformity  of  character  of  the  larvae  of  the  Echinoderms, 
however,  there  can  be  little  doubt  that,  if  ever  such  forms  are 
discovered,  they  will  prove  to  be  allied  to  the  Oephyrea^  the 
TrichoacoliceSy  and  the  Enteropneusta. 

Thus  the  study  of  the  gradations  of  structiu'e  among  the 
Metazoa  leads  to  the  conclusion  that  they  fall  into  six  series, 
which  may  be  arranged  in  the  following  tabular  shape : 


Sebies. 

II.  III. 

Echinodebmal.  Phabyngofnbustal. 

Coelenterata.     JEchinodermata,    JEnterqpneusta.     Tunicata. 

Porifera. 

Phyaemaria. 


I. 

ZOOPHYTIC. 


IV. 

Malacozoic. 
MoUuaca. 

Malacoscolices. 


V. 

Annuloid. 
Annelida. 

Trichoscolices. 


VI. 

Abthbozoic. 

Arthropoda. 
Choetognatha  (?). 
Nematoscolices. 


>  I  Bay,  at  present,  inasmuch  as  the  characters  of  the  nervona  system  sharp- 
ly separate  the  most  vermiform  of  the  Echinoderms  fVom  the  most  Echinoderm- 
like  Geph^a, 
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The  lowest  known  term  of  the  Aiihroaoio  seriesis  aNenip 
toid  worm ;  that  of  the  Aunuloid  seiiet  ib  a  low  IWheUariu 
or  Rotifer ;  that  of  the  Malaooioio  series  is  an  entoprodoa 
PolysoOn ;  that  of  the  Phaiyngopikeustal  series  is  isrobsbly 
most  nearly  exemplified  by  the  young  larra  of  BatanogM^ 
SUB ;  that  of  the  Ek)hinodermal  series  by  the  Tenmfibrm  MMr 
nopcBdium. 

But  the  differences  between  one  of  the  simpler  Nemakoid 
worms,  an  aproctous  Turbellariany  a  Rotifer,  an  Biohinopedinm, 
and  a  PedicMina^  are  relatively  so  small,  that  all  six  series 
may  be  said  to  converge  toward  m  common  form  ;  and  thsl 
common  form,  when  the  special  characters  of  each  ^loap  aro 
eliminated,  and  the  dimentary  canal  is  reduced  to  its  primi- 
tive aproctous  condition,  would  be  exceedingly  similar  to  a 
Physemarian. 

Hence  the  consideration  of  the  gradations  of  structure 
which  are  presented  by  the  various  series  of  Invertebrated 
animals,  irresistibly  leads  to  the  conclusion  that  the  whole  of 
the  Metazoa  may  be  conceived  as  diverse  modifications  of  a 
common  fundamental  plan. 

Thb  Sbbial  Relations  of  the  Invebtebrata  com- 
PAEED  WITH  THE  RESULTS  OF  Embbyology. — The  conception 
of  the  unity  of  organization  of  the  Invertebrctta  thus  reached, 
so  far  as  it  is  based  upon  the  comparison  of  adult  structures, 
is  purely  ideal ;  and  the  study  of  the  development  of  individ- 
ual animals  is  alone  competent  to  decide  the  question  whether 
this  ideal  unity  has  a  foundation  in  objective  fact.  But  the 
history  of  the  development  of  animals  appertaining  to  every 
group  of  the  InvertebrcUa  which  has  been  given,  bears  out 
the  statement  which  is  made  in  the  Introduction,  that  the 
ideal  unity  has  such  a  foundation  in  fact ;  inasmuch  as  all 
these  animals  commence  their  existence  under  the  same 
form — that,  namely,  of  a  simple  protoplasmic  body,  the  ovum 
or  germ. 

In  the  Introduction  I  have  said  that,  ''among  the  lowest 
forms  of  animal  life,  the  protoplasmic  mass  which  represents 
the  morphological  unit  may  be,  as  in  the  lowest  plants,  devoid 
of  a  nucleus  (p.  18).  However,  as  I  have  remarked  at  the 
commencement  of  this  chapter,  until  the  search  for  the  nudeus 
has  been  instituted  afresh,  with  the  help  of  such  methods  as 
have  recently  proved  its  existence  in  the  Ifbramini/erd,  I 
think  it  will  be  wise  to  entertain  a  doubt  whether  any  of  the 
Monera  are  really  devoid  of  this  amount  of  structural  differ- 
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entiation  ;  and  the  tendency  of  recent  inyestigations  appears 
to  render  it  verj  questionable  whether  the  nucleus  of  the 
ovum  ever  really  disappears,  whatever  may  be  the  modifica- 
tions undergone  by  the  germinal  vesicle  and  its  contents.  I 
shall,  therefore,  assume  provisionally,  that  the  primary  form 
of  every  animal  is  a  nucleated  protoplasmic  body,  cytode^  or 
cell^  in  the  most  general  acceptation  of  the  latter  term. 

Whether  the  primary  cytode  possesses  a  nucleus  or  not, 
the  important  fact  remains  that,  in  its  earliest  condition, 
every  invertebrated  animal,  if  it  were  competent  to  lead  an 
independent  existence,  would  be  classed  among  the  Protozoa. 

The  first  change  which  takes  placa  in  the  development  of 
the  embryo  from  the  primitive  cytode,  or  impregnated  ovum, 
in  all  the  Metaaoa^  is  its  division  ;  and  the  simplest  form  of 
division  results  in  the  formation  of  a  spheroidal  or  discoidal 
mass  of  equal,  or  subequal,  derivative  cytodes^  the  blasto- 
meres.  Next,  the  morula^  thus  formed,  generally  acquires  a 
central  cavity,  the  blastoccelCy  and  becomes  a  hollow  vesicle, 
the  blastospherej  the  wall  of  which,  composed  of  a  single  layer 
of  blastomeres,  is  the  blastoderm. 

The  blastomeres  of  the  blastoderm  next  undergo  diflFeren- 
tiation  into  two  kinds,  distinguished  by  their  internal  activi- 
ties, if  not  by  their  outward  form.  Of  these  the  one  set  con- 
stitute the  epiblasty  the  others  the  hypoblast.  The  further 
changes  of  the  embryo  are  the  consequences  of  the  tendencies 
toward  further  modification  resident  in  the  epiblastic  and  hy- 
poblastic  blastomeres  respectively.  Each  of  these  is,  as  it 
were,  a  germ,  whence  certain  parts  of  the  adult  organism  will 
be  evolved. 

Every  series  of  the  Invertehrata  has  now  yielded  a  num- 
ber of  examples  of  the  further  modification  of  the  blastosphere 
by  the  process  of  invagination^  or  emboly^  the  result  of  which 
is  that  the  hypoblast  becomes  more  or  less  completely  inclosed 
within  the  cpiblast.  The  invagination  is  accompanied  by  the 
diminution,  or  even  abolition,  of  the  blastocoele,  and  the  for- 
mation of  a  cavity  inclosed  within  the  hypoblast,  which  is  the 
archenterony  or  primitive  alimentary  cavity.  The  opening 
left  by  the  approximated  edges  of  the  epiblast,  when  the  pro- 
cess of  invagination  is  completed,  and  by  which  the  archente- 
ron  communicates  vrith  the  exterior,  is  the  blastopore.  In 
this  state  the  embryo  is  a  gastnda. 

It  very  commonly  happens  that  the  process  of  develop- 
ment is  modified  by  an  inequality  in  the  size  of  the  blasto- 
meres ;  which  inequality  may  be  manifest  from  the  bisection 
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or  mAT  mppcsr  ktor.  In  this  eiae,  it  usvaBy 
sarr^nas  taac  tiie  smaller  and  more  lapidly-diTidin^  Uaftc^ 
T:«r«f«  >fk:Bc  to  the  epihlaat,  and  the  larger  and  more  dowlj 
iiviuing  tt:^ihe  hrpcMaat.  MoreoTer,  no  Uastocode  maj 
jTsw.  inu  I2ie  uic^ctfja  of  indnaion  of  the  hypoblast  within  the 
^cibkas^  amy  ImTe  the  appearance  off  the  g^rowth  of  the  hitter 
?%-^r  :2«  imaiei,  cr  what  is  termed  tpihoijf  ;  whOe  the  arehen- 
:«t*.^  aay  ace  be  fonned  within  the  hypoblast  till  very  late. 

^V^3^  in  ,*aaes  of  epibolr*  the  blastoderm  is  small  in  rela- 
::va  :t.«  :»  vrteilm^  the  epihlast  and  hypoblast,  at  their  first 
Ar^^«raace.  aecessariiT  adapt  themselTes  to  the  surface  of  the 
« "^k :  lau  :a«&»  the  gaiStrala,  instead  of  having  the  form  of  a 
it^tr^*  .ur.  S?cemes  mere  cr  leas  flattened  and  disooidal. 

'  loi  jKriined  to  beiiere  that  all  the  various  processes  bj 

^'Ja^  lac^  4pkKr!ua  or  its  eqaivaknt  are  produced,  are  reduci- 

>^v'  :v*  tviSxIv  ami  embeiy.     Even  when  the  epiUast  and  the 

':)  ^  r<\  ;?.»94  irtvur  ti?  be  formed  by  deltfwimatian^  or  the  split- 

-1-^    I!..-  '.*v  *av^r»  cf  0*: -Is  of  a  primitively  sinffle-layered 

•..-.>*•  M  .••:•.    ".Jer-  5<:tiL*  -tile  coubt  that  what  happens  is 

••  jry  :?ar:v  :rv!*^:':c  of  the  hypoblastic  blastomeres 

1  •.•.:!  :-x*»^'  ^aieh  srive  r!s<?  to  the  epiblast,  or  a  very  late 

tii\:    ;Kvu5ric!ious  icar^wTb,  cr  invagiDStion,  of  the  hypoblas- 

'  "^i-:*  eairloy  lae  lei^s  pistnila  in  the  broad  sense  defined 
aS.»-.  c  -r-iv  Sr  :nuT  sa:d  that  every  nietaso^n  passes  through 
"K*  ^>:r-.:'a  sui^  \n  ihe  cv-urse  cf  its  development.  The 
.f-.vxi  vLt  ^-TciJor  the  Kv'dt^  of  development  of  the  gastrula 
>*  .NtJ.>.i\  ->  yniBiiive*  and  that  by  epiboly  secondary;  or 
*»'»v..i^-  .*;•:. viv  is  priziary  and  oniboly  secondary;  or  whether 
•.1..'  .  M-  yr\x'x.'*fiie*  hav%»  on^c  a  ted  independently,  is  of  sec- 
.•tK\t--N    ■  ■•:.vrtj::oe,  aa*.:  b^jIoDg?  to  the  debatable  ground  of 

rVo  'tvti^iiruc  of  the  -.iiffe rent iat  ion  of  the  aggregate  of 
.•\  ;-.>.k-s>  ^'X  ^  bicb  ihe  boi.xy  of  a  simple  metazoon  is  composed, 
^:r.o  .4  ;uivMa5Siv\  v^r  endodermal^  and  an  epiblastic,  or  ecto- 
v?or-\t!,  ^r<.*aj.\  i*  to  K*  j^>UArht  in  the  physiological  division  of 
l:tl\.»r,  nhioh  is  the  prtrT^ary  *ourve  of  morphological  changes. 
U  :s  a  :K'^vir:itiv^u  of  tho  a^cjrr^gste  of  morphological  units  into 
ono  >ct  wiih  a  sfvoially  uutritive^  and  another  set  with  a  spe- 
cial I\  UK' Cor  and  pn^teotivo*  function.  It  is  quite  possible  to 
v\*iu'oi\  o  ot  uii  adult  motazoC>n  having  the  structure  of  a  sponge- 

*  kVmparv  HMckel,  ^'Studien  zur  Gastnea-Theorie,"  in  hia  ^*  Biologische 
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embryo ;  moving  by  ita  ectodermal  hemisphere,  and  feeding 
by  its  endod^rmal  hemisphere. 

The  next  advance  in  organization  of  such  a  metazo^n 
would  doubtless  consist  in  the  more  complete  extension  of 
the  protective  layer  over  the  nutritive  layer,  with  due  pro- 
vision for  the  access  of  the  surrounding  medium  to  the  latter. 
It  is  obvious  that  this  advance  might  be  effected  in  either  of 
two  ways :  the  one  by  emboly,  the  other  by  epiboly.  In  the 
former,  the  blastopore  would  be  left  as  the  aperture  of  com- 
munication of  the  endoderm  with  the  exterior;  and  the  result 
would  be  the  formation  of  an  archasostomatoua  gastrula,  such 
as  that  which  is  supposed  by  Haeckel  to  be  the  primitive  form 
of  the  metazobn.  In  the  latter,  the  blastopore  would  com- 
pletely close  up,  and  a  new  aperture  or  apertures  must  be 
formed  in  the  ectoderm  to  subserve  the  ingestion  of  nutri- 
ment. The  resulting  organism  would  be  a  deuterostomcUoua 
gastrula. 

Undoubtedly  it  seems  natural  to  suppose  that  the  first 
process  preceded  the  second,  in  order  of  evolution ;  but  the 
proof  that  it  did  so  is  at  present  wanting.  And,  however 
this  may  be,  the  progress  of  inquiry  seems  to  throw  more  and 
more  doubt  upon  many  cases  of  the  supposed  persistence  of 
the  blastopore  as  the  mouth.  It  is  certain  that,  in  the  great 
majority  of  invertebrated  animals,  the  blastopore  either  be- 
comes the  anus,  or  closes  up ;  and  renewed  observations  are 
needed  to  determine  the  limits  within  which  the  archseostoma- 
tous  condition  prevails. 

The  blastocoele  of  the  gastrula  may  be  obliterated  by  the 
approximation  of  the  epiblast  and  the  hypoblast,  or  it  may 
persist  and  constitute  the  perienteron^  or  primitive  perivis- 
ceral cavity. 

Those  animals  which,  in  their  adult  condition,  most  nearly 
represent  simple  gastrulse  with  obliterated  blastocoele,  arc  the 
Phyaemaria  and  JHydra^  cup-shaped  bodies  with  an  oval 
opening  at  one  end,  the  walls  of  which  are  made  up  simply 
of  an  ectoderm  and  an  endoderm.' 

In  the  great  majority  of  the  Metazoa^  a  further  advance  in 
complication  is  effected  by  the  appearance,  between  the  epi- 
blast and  the  hypoblast,  of  cytodes,  either  isolatedly  or  in  a 
continuous  layer,  which  constitute  the  mesoblast,  and  eventu- 
ally are  converted  into  mesodermal  structures.     The  origin 

>  I  do  not  think  that  Kloinenberg's  fibres  in  Hydra  strictly  represent  a 
mesoderm,  though  they  occupy  the  position  of  one. 


^if^      rot  jkSjcn^cT  iiv 


u  "ji'SK  \a  aul  J.  sucser  -if  liaabs^  bos  in.  naoj  cama  k  ip* 
-3«>nrf  M   z^  ixmTii!Sii:iudiii  disc  c^ev  aaee  Jexsrad  fpioi  eke 


Tjt^  yr"i*?irw*miu  luict  ar  jeas  luusLLuycaii  ami  crsfeB  ip 
itr  ':at*  '.r.fiitnghtnra  :f  loe  mrmriT^  auj  ;crr%  esk  Jligttli  to 
TMrrrao^ru  sgaat.  zr  ■^aanni'fa.  of  the  aiiaic^  v^iek  &b 

s«>r'-*rA!Kru  !a.7izrT  saka  ic3  orxpn  ia  diia  «*««*^-»«>  ia  tfae 

«^-juxxi'Xft*r3ia.  i2f^  Jwrtr-tfift,  sod  ^oe  JhMU^MfiSfr/. 

'.TL  ati  :«:arir  laaii.  ia  iuxlt  2iiwner&!ir>Af.  'ine  ^x  more  £- 

:::i  y.nra.fni*c  TUi^rxJuMZ,    ScimsGiiuss.  as  fa  die  Ojetenidrmfaj 

^jr^a.:#aeri«iXc  £y*'A^:ft^'iA,  Okcfrj^i^flbLjf  cib 

'  Am*.  •  ui.i  zir^sT  "vi— d   rrr*  rj^.  iliicx  ""iii   the   zrtmitfre 

7:  ▼•-■'1  'c  '-i^-f^r  ".T  .   :•:?§*■-"■, 'I'T  «.:^ir:>**  ::  si-e  =ie*:»irna. 


*»*-r"-::»^'-L-'r,  ir-  ::  :»r  rrf^rrei.!*  i  T-rrjr  IrLCerrstinr,  bit,  as 

T--.  .HiSt-^i  ir-.-iv^-i-  I:  L=  z*'.-s>iiz'.-z  iIa:  li-rTane  solid  rep- 
•  -         ...        ."..       ....'«  _• 

•^7^«*TTi*i:."f*T  ::  *^-t  !.•:.-:■»  "i-T-en: rj-i  wriion,  ll.  c;ne7  animals, 
r"-*T  n?^  ::  "i-r  r' v.r-".r!r-:  i::  ^ifrh  ca^e  ic.e  perivisceral 
••L'r-.-:7  .-  -ir*-«r7  l'^-a'*  ■■ill  c»r  a  Timil  en:<'r«:o:tIe.     On  the 

■  -^'-7    1*1  Zi-  Zlrrj  ZlAJ  ZlrtTrz'.T  r^JT-jr^Z.'  tl-r  Ctll*  of  the  meSO- 

:•.!.•-  .:'  '.zjz  ri>:ir  iiMr^i  FJiyz  •*  ani  of  the  ^rhinop^ia, 
11- i  :£f-r  TK-rl-rli-^vrLl  vit::t  tt.  ^l  i  ti-rs  c-:*  a  sohiz.X' ;tj-le.  But 
it  Lf  -r-eilr-«  ::  r-:irr;-r  :!!•  ;.;ii?  f iinhrr ;  eno-uph  has  been 
»i-i  ::  fir's-  riT^-i.-z^iTrlj -:.i:,  r.-^e"rer  di5ervnt  one  inver- 
:  '  -l:  -i  »-1zi.l1  =it  :•-;-  :r:n  ir.:  li-r,  the  studv  of  develop- 
r.  -:  :r-^-j  :ii:  i-i:!-  irir:!  :ra.>ri  back  thmu^h  its  embiy- 
i:-  r-Ti-.T?-  s7Tr:.-i:irt«  :i-?  e^rli-i-r  s:azes  of  all  the  rest;  or, 
1-  ::i  -r  Tiris,  liii  all  Stan  vrj-::.  a  common  morpholojarical 
Tjre.  11  i  rT^i.  ir.  lieir  extrezivst  Jivorpjnce  retain  traces  of 

I:  :*  Tvrr  ;:Lr»:rtaiii  to  remark  that  these  morpholo^cal 
irtT.trTa.izAii  r.?^  *•:»  fax  as  ther  are  correctlj  made,  are  simple 
s:a:o:::cr^:s  cf  fac:.  and  hare  nothing  to  do  with  any  specula- 
iior.s  iv5:wiiri^  :be  manner  in  which  the  in  vertebra  ted  ani- 
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mals  with  which  we  are  acquainted  have  come  into  exist- 
ence. They  will  remain  true,  so  far  as  they  are  true  at  all, 
even  if  it  should  be  proved  that  every  animal  species  has 
come  into  existence  by  itself  and  without  reference  to  any 
other.  On  the  other  hand,  if  there  are  independent  groutids 
for  a  belief  in  evolution,  the  facts  of  morphology  not  only 
present  no  difficulty  in  the  way  of  the  hypothesis  of  the  evo- 
lution of  the  Invertebrata  from  a  common  origin,  but  readily 
adapt  themselves  to  it. 

Hence  the  niunerous  phylogenic  hypotheses  which  have 
of  late  come  into  existence,  and  of  which  it  may  be  said  that 
all  are  valuable,  so  far  as  they  suggest  new  lines  of  investi- 
gation, and  that  few  have  any  other  significance.  I  do  not 
desire  to  add  to  the  number  of  the^e  hypotheses ;  and  I  will 
only  venture  to  remafk  that,  in  the  absence  of  any  adequate 
palseontological  history  of  the  Invertebrata^  any  attempt  to 
construct  their  Phylogeny  must  be  mere  speculation. 

But  the  oldest  portion  of  the  geological  record  does  not 
furnish  a  single  example  of  a  fossil  which  we  have  any  rea- 
sonable grounds  for  supposing  to  be  the  representative  of  the 
earliest  form  of  any  one  of  the  series  of  invertebrated  ani- 
mals ;  nor  any  means  of  checking  our  imaginations  of  what 
may  have  been,  by  evidence  of  what  has  been,  the  early  his- 
tory of  invertebrate  life  on  the  globe. 

Already  indications  are  not  wanting  that  the  vast  multi- 
tude of  fossil  Arthropods,  MoUusks,  Echinoderms,  and  Zoo- 
phytes, now  known,  will  yield  satisfactory  evidence  of  the 
filiation  of  successive  forms,  when  the  investigations  of  pa- 
laeontologists are  not  merely  actuated  by  the  desire  to  dis- 
cover geological  time-marks  and  to  multiply  species,  but  are 
guided  by  that  perception  of  the  importance  of  morphological 
facts  which  can  only  be  conferred  by  a  large  and  thorough 
acquaintance  with  anatomy  and  embryology.  But,  under 
this  aspect,  the  palaeontology  of  the  Invertebrata  has  yet  to 
be  created. 
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BrachioDU^  lOS  189. 

Braohlopoda,  8*«,  890,  897, 417,  58d 

Brachynra.  281,  298, 294,  295. 

Branchellion,  189. 

Branchiip^  5h. 

Rranchioganteropoda,  424,  483,  484,  430,  437. 

Bmnchiopoda,  242. 

Branchipus,  247,  -248,  249. 

Brisinga,  4^)0,  481. 

Bryozoa,  889. 

Buccinain,4d4. 

nndatam,  420. 

Bnoopbalns  polymorphoA,  181. 
Bugula  avicniaria,  898. 
Butterflies,  SOOw 


CALCBPOsroiJS  lOi-110. 

CkUgUL  841. 

Calyoophorite,  80.  IIT,  1S8-1SI. 

Ounblam  layer  81. 

Campaaiilam,  119. 

Campaiinkildn,  117, 118. 

Oampodea  ata|dqrBmia,  Mt. 

OaplteUa,  800. 

CapreDa,813. 

Oardniu  mcenas,  896, 808, 808. 

Oardtum,  417. 

Oamiarina.  115, 185. 

OtryopltTlfaeoa,  188. 

Ctotallaeta,  89, 101, 574. 

Caokrpa,  48. 

OeddomyU,  88S. 

GeUa,17,81,88,81,88. 

Gen-wall,18. 

Cantipedea,  844. 

C^hataioda,  04,  00,  404,  418,419«  4»-iHC 

Cephea  ooellata,  184-188. 

Cercaris,  58, 180-188. 

Gereanthna,  145. 

Ceatoldea,  50. 157, 188,  OTOu 

Cestracton,  00. 

Otacea,09. 

Chiotoderma,  r7t. 

Chetofraster,  198, 194. 

ChiPto^matha,  540,  SH,  560. 

''  Challenger ''  expedition,  08,  70, 79,  81. 

Chant^s,  cyclical,  in  Hvlng  matter,  10. 

Chara,21. 

Chemical  composition  of  flTiog  matter,  9. 

Chick,  19. 

Chllodon.  9S. 

Chilojfnatha,  887,  889. 

Chilopoda.  837. 

Cliitonidip.  480, 481.  434, 571, 579. 

Chlamydomonas,  40. 

Chlonpma,  210. 

Chlorophyll,  45,  97. 

Chondracanthns  gibboaoa,  287-841. 

Chromatophores,  445. 

Clcadip,805.877. 

CidarI^  4>»7. 

Cilia.  29,  73. 

Cillata,  98-101. 

Circulatory  apparatus,  50. 

Cirripedia,  221,  258. 

Cladocera,  242. 

Classification  of  living  fortna,  88. 

Clepsine,  190-192, 508-571. 

Climate  in  relation  to  animal  lift,  00. 

Cliona,  107. 

CUonidie,  110. 

Clyneastroida,  489. 

OxiRroach,  848. 

CodonoRca,  90. 

CodoncIUda,  98. 

Codosiga,  90. 

Co'lenterata,  45,  50,  51,  58, 102, 108, 110, 11& 

574,  580. 
Ooenurus,  185. 

Cold,  action  ot,  on  living  matter,  18. 
Coleochffite,  40. 
C-oleoptera,  800, 876, 877. 
CoUomboIa,  220, 202, 808. 
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CoUosphapra,  85. 
Colpoda,  08, 1^  M,  98. 
ComAtok,  8«,  87. 

( AntedonX  600. 

CoDJogation,  81,  74. 
Contractile  tlssae,  29. 

yacQole,  78. 

Copepoda,  68,  234,  888, 800-802. 

CoralllgeiULl88,574. 

CoraUine^  890. 

CoralUte,  189. 

CoraUlam  rabmm,  144. 

Corals,  110. 

Cordylophora,  88,  87. 

Coryne,  118. 

Crayfish,  278,  234-288. 

Crickets,  876, 878. 

CriDoldea,  466, 497. 

Crocodilia,  26. 

Crustacea,  21, 26,  58,  66,  222-225, 573. 

Cryptoeamia,  82. 

Crytophialas,  261. 

Ctenobraiichia,489, 444. 

Ctenophora,  58,  68, 68, 188. 168, 162, 192, 674. 

CuculUnos  elegans,  648,  650. 

CmnaBathkU,808. 

Comaoea,  264, 808. 

CuniDa,  568. 

rhododactyla,  186. 

Cyamoa,  818. 
Cyanea,  86. 

caplUata.  184. 

Cyclops,  284^285, 550. 
Cyclostomata,  489. 
Cydippe  (Pleurobrachia),  156. 
Cymothoa,  814, 817. 
(^mothoadie,  816. 
Cynthia,  299. 
Cyproa  Eoropsa,  420. 
Cypris,  251,  252. 
Cystic  worm,  186. 
Cystioercus,  184,  186. 
C^stldea,  509. 
Cythere,  251,  252. 


Dalm ANT-m,  227. 
Daphnia,  247,  24S. 
Decapoda,  462. 

Deep-sea  Ibuna,  26,  68,  80,  81. 
Dennroccela,  160. 
DentaUdjEt,  430, 481. 
Dentalium,  422. 
Dennis  (enderon),  55. 
Desmidln,  89. 
Derelopment,  17, 19,  66. 
DIatomacen,  12,  75.  80,  80. 
Dibranchiata,  460-456. 
Dioeras,  406. 
Diooryne  conferta,  119. 
Dictyoc3r8t»,  76. 
Dictyocystida,  98. 
Dicyema.  579. 
Dlcyemida,  558,  577,  678. 
Didemnum  styttfernm,  526L 
DldinioDi,  98. 

serpnia,  18. 

Differentiation,  20. 


Dimyaria,  412. 

DiphydsB,  181. 

Diphyes  appendicalata,  126. 

Dipkymdea,187. 

Dlphyozooid,  126, 181. 

Dlplozoon  pandoxnm,  88, 182. 

Dipnoi,  60. 

Diporpa,  88,  182. 

Diptera,  866, 876,  881. 

Dlscophora.  118, 121. 182-186. 

Disintegraoon  of  living  matter,  10. 

Distoma,  179. 

Diatribution,  16,  24-26, 67-69. 

Dog-louse.  187. 

Doga^  retrieving  of;  85. 

DoUoIum.514,618,62a 

denneulatum,  629. 

"*  Double  drcnlaiion,''  60. 
Dragon-flies,  221. 
Dysteria,  98. 


Eabthwobm,  198. 
Echenetbothrium,  167. 
EcUnldea,  56,  466,  48^  488, 480. 
Echinococcus,  184. 

veterinorum,  185. 

Echinoderea,  171. 

Echinodennal  series.  661, 682. 

Echinodermata,  26, 86, 68-66, 466, 5n,  686. 

Echinolda,  489. 

Echlnopndium,  54, 466, 481,  606, 562. 

Echinorhynchua,  566. 

Ecbinn^  486. 

sphsra,  487,  488. 

Ectoderm,  55,  56. 
Ectoprocta,  894,  571,  572. 
Ectosaro,  74. 
Edrioasterida,  608. 
Edrlophthalmia,  810. 
Elytron,  204. ' 
Embryology,  42, 50, 588. 
Empusa,45. 
Encopaiasites,  182. 
Endoplast  48,  74. 
Endoplastica,  78,  82. 
Endoprocta,  571. 
Endosarc,  74. 
Endostyle,  511. 

Enteropneusta,  59.  588.  576, 681. 
Entoooncha  miiabilia,  440. 
Entogsstric  gemmation,  186,  568. 
Entomostraca,  224,  284. 
Entoproeta,  894. 
EooDoon,  72. 

canadense,  82. 

Eplblast,  21, 51. 
Epidermis  (ectoderm),  56. 
Epigenesis,  19. 
Epimera,  268. 
Epiioa,  287. 
£quidn,26. 
£rgasthiB,241. 
Eristalis  floreus,  868. 
Errantia,  206,  207. 
Ervilla,  9a 
Estheria,  248-250. 
Enazes,  199,  569,  670. 
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LIGHT: 


A   SERIES   OF    SIMPLE,   ENTERTAINING,  AND   INEXPENSIVE   EX- 
PERIMENTS IN  THE  PHENOMENA  OF  LIGHT,  FOR  THE 
USE  OF  STUDENTS  OF  EVERY  AGE. 

By  ALFBED  H.  HATEB  and  OHABLES  BABHABD. 

Price,  $1.00. 


From  tht  New  York  Evening  Post, 
"  A  singularly  excellent  little  hand-book  for  the  use  of  teachers,  parents,  and  chil- 
dren. The  book  is  admirable  both  in  dengn  and  execution.  The  experiments  for 
which  it  provides  are  so  simple  that  an  intelligent  boy  or  girl  can  easily  make  them,  and 
so  beautiful  and  interesting  that  even  the  youngest  children  must  enjoy  the  exhibition, 
while  the  whole  cost  of  all  the  apparatus  needed  is  only  $i3.4a  The  experiments  here 
described  are  abundantly  worth  all  that  they  cost  in  money  and  time  in  any  family 
where  there  are  boys  and  girls  to  be  entertained." 


<«< 


From,  the  New  York  Scientific  A  merican. 
'  The  experiments  are  capitally  selected,  and  equally  as  well  described.    The  book 
is  conspicuously  free  from  the  multiplicity  of  confusing  directions  with  which  works  of 
the  kind  too  often  abound.    There  is  an  abundance  of  excellent  illustrations." 


(«' 


From  the  A  merican  youmal  o/ Science  and  A  rts. 
'  The  experiments  are  for  the  most  part  new,  and  have  the  merit  of  combining  pre- 
ci^on  in  the  methods  with  extreme  simplicity  and  elegance  of  design.  The  aim  of  the 
authors  has  been  to  make  their  readers  *  experimenters,  strict  reasoners,  and  exact  ob- 
servers,' and  for  the  attainment  of  this  end  the  book  is  admirably  adapted.  Its  value 
is  further  enhanced  by  the  numerous  catefully-dzawn  cuts,  which  add  greatly  to  its 
beauty." 

From  the  Boston  Globe. 
"  The  volume  seems  well  adapted  to  the  needs  of  students  who  like  to  have  their 
knowledge  vitalised  by  experiment.  The  fact  that  nearly  all  the  experimenU  described 
are  new,  and  have  been  tested,  is  an  additional  recommendation  of  this  handy  volume. 
The  illustrations  add  to  its  interest  and  value,  and  its  simplicity,  both  of  design  and 
execution,  will  commend  it  to  beginners  and  others  seeking  information  on  the  subject." 

From  the  Philadelphia  Press. 
**  It  supplies  a  large  number  of  simple  and  entertaining  experiments  on  the  phe- 
nomena of  light,  that  any  one  can  perform  with  materials  that  maybe  found  in  any 
dwelling-house,  or  that  may  be  bought  for  a  small  sum  in  any  town  or  city.  This 
actually  is  i^ilosophy  in  sport,  which  thoughtful  or  ready  minds  can  easily  convert 
into  science  in  earnest." 


D.  APPLETON  &  CO.,  549  &  551  Broadway,  New  York. 
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no  other  magtuAne  in  tk4  UniUd  Stattt, 


Ten  Toliimes  hare  now  appMred,  whfdi  are  filled  wtth  inatnR'tlv  and  intereetiaf 
artSdet  and  abatraoto  of  arttclea,  original,  aeleeted,  tranalated,  and  lUnatsatad,  firam  the 
pent  of  the  leading  adentiflc  men  of  dilferait  oonntrlea.  Aeeomita  of  Important  sdleB- 
tlflo  diaoorertoa,  the  application  of  adenoe  to  the  ptaetical  arta,  and  the  kteat  Tfews  pat 
forth  coooeming  natural  phenomena,  have  been  i^Ten  hj  mtoanU  of  the  Ugbeat  an- 
thorlty.  Prominent  attention  haa  been  alao  devoted  to  thoae  varlona  ideiieea  which 
help  to  a  better  ondoratandlng  of  the  nature  of  man,  to  the  bearings  of  acfenoe  npen 
the  qoeetiona  of  eoeiety  and  government,  to  sdentifle  ednoatkm,  and  to  the  eonfficta 
which  spring  from  the  progrossivo  nature  of  aclentlfic  knowledge. 

Tns  PopuLUt  SciKNca  Monthly  has  long  since  ceased  to  be  an  experiment  It 
has  passed  into  a  circulation  tax  beyond  the  most  sanguine  hopes  at  first  entertained, 
and  the  cordial  and  intelligont  approval  which  it  has  everywhere  met  shows  that  its 
close  and  instructive  discussions  bavo  been  well  appreciated  by  the  reading  portion  of 
the  American  people.  It  has  not  been  its  policy  to  make  boastftil  prcnnises  of  great 
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A    HAND-BOOK 


OF 


Chemical  Technology. 

By  Rudolph  Wagner,  Ph.  D., 

rSOFBSSOK  OP  CHEMICAL  TECHNOLOGY  AT  THE  UMIVXRSrTY  OP  WVRTZBURG. 

Translated  and  edited,  from  the  eighth  German  edition,  with  extensive 

Additions, 

By  Wm.  Crookes,  F.  R.  S. 

With '^'^  JRuttraiums.     x  vol,  Ztfo.     j6x/a^s.    C/I^M,  $5.oa 


TAr  several  editions  of  Professor  Rudolph  IVagnet^s  "  Handbuch  def 

Chemischen    Technologies*   hefoe  succeeded  each  other  so 

rapidly^  that  no  apology  is  needed  in  offering 

a  translation   to  the  public • 

Under  the  head  of  Metallurgic  Chemistry,  the  latest  methods  of  preparing  Iron, 
Cobalt,  Nickel,  Copper,  Copper  Salts,  Lead  and  Tin  and  their  Salts,  Bismuth,  Zinc, 
Zinc  Salts,  Cadmium,  Antimony,  Arsenic,  Mercury,  Platinum,  Silver,  Gold,  Man- 
ganates.  Aluminum,  and  Magnesium,  are  described.  The  various  applications  of  the 
Voltaic  Current  to  Electro>Metallurgy  follow  un4er  this  division.  The  Preparation  of 
Potash  and  Soda  Salts,  the  Manufacture  of  Sulphuric  Acid,  and  the  Recovery  of  Sul- 
phur from  Soda- Waste,  of  course  occupy  prominent  placet  in  the  consideration  of 
chemical  manufactures.  It  is  difficult  to  over-estimate  the  mercantile  value  of  Mond's 
pffx)cet8,  as  well  as  the  many  new  and  important  applications  of  Bisulphide  of  Carbon. 
The  manufiurtcre  of  Soap  will  be  found  to  include  much  detaiL  The  Technology  of 
Glass,  Stoneware,  limes  and  Mortars,  will  present  much  of  interest  to  the  Builder  and 
Engineer.  The  Technology  of  Vegetable  Fibres  has  been  considered  to  include  the 
preparation  of  Flax,  Hemp,  Cotton,  as  well  as  Paper-making:  while  the  applications 
of  Vegetable  ProducU  will  be  found  to  include  Sugar-boiling,  Wine  and  Beer  Brewing, 
the  Distillation  of  Spirits,  the  Baking  of  Bread,  the  Preparation  of  Vinegar,  the  Preser- 
vation of  Wood,  etc 

Dr.  Wagner  gives  much  information  in  reference  to  the  production  of  Potash  from 
Sugar-residues.  The  use  of  Baryta  Salts  is  also  fully  described,  as  well  as  the  prepa- 
ration of  Sugar  from  Beet  roots.  Tanning,  the  Preservation  of  Meat,  Milk,  etc.,  the 
Preparation  of  Phosphorus  and  Animal  Charcoal,  are  considered  as  belonging  to  the 
Technok)gy  of  Animal  Products.  The  Preparation  of  the  Materials  for  Dyeing  has 
aeceasarily  required  much  space ;  while  the  final  sections  of  the  book  have  been  de- 
voted to  the  Technology  of  Heating  and  Illumination. 
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